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Suriace, Vegetable Tissue, aS a the 
sradually consumes and passes away in 
residuc or.ash behind. Bey 27 deposit: 
lations of a delta, a@ lake or @ swamp 
jal may so much exceed the loss from 
result. Por comparative purity of dep 
Or ash, much sediment must be necessar 
best supplied by swamps in which eee 
tie Quiet. standings water soa that 
fall they are preserved. Roots ane 
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and observations in shallow water is as yet quite nesative, and al- 
though they are swept into inlets and upon beaches in considerahle 
mrantitLles, experience thus far avaitabice faiis to reveal deposi 
sufficient amount to give them sreat claims to be considered a 
ble sources of coal. Nevertheless as will be later shown some wW 
have rererréed coal Sears 20 chen. 

The seacoast swamps are of eréater Importance. they cover exvcen= 


Sa Vie. Areas 1h many parts of she world and especially alone the Atlan 
tae Sie In pied warmer climates CAS Hanerove pusnes 1ts areiics 
stems seaward, alds deposition and TPacilitates tne srovinm Of vege vation 
Le 2ts. wear: cer ae the north the sedges and shore pe 8 SOOn eive 
rise TO 2 black bogey turf, high dm carbomaceous matter, bul also mien 
in mineral admixtures aS Well. Observation shows, neweveel Gea “Cie 
mumber oF land plants that can flourish near Sait waver OF Witt roots 
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The principal sources of vezetable accumulation so far as the 
experience of the present throws Light on the conditions of the past 
are thus reduced to those in fYesh wetter. 

DELTAS With other sediments brought down by rivers tO their 
mouths are vagt amounts of drift wood and more or Jess water-Loesea 
and macerated vegetable tissue. These bécome buried in the delta de- 
posits which are always, when formed by large rivers of low gradient, 
blLaek and bivguminous Such 22 the ease off the mouth Of the to setss i 
yi and to such deposits have been referred many coal seams. Praces of 
carbonized logs, een ipresuiariy im the coat oa nave given rise 
to this view. For very high ash coais this sugesesti Of OT Lei nay 
be of Gere but fOr thé vast majority of those siete which “contain 
fai bP y Low mounts of ash, condition so favorable to the abundant in- 
troduction of Sand and silt Cannot be Serigusiy ctmsidered. i some- 
what analogous origin are the great rafts of logs and ovher Tioating 
debris, which sometimes eather agianst an obstruction until they 1torm 
rast masses of floating and water-logzged wood Upon Chis “a2 Reavy 5 
plant srowth springs wp, ard 16éads tc very extemsive aud Eaiviy creo 
accumulations. ‘The Red River raft of Louisiana has furnished for many 
years a striking illustration, being some miles in extent and practi- 
cally Line solid Land. 

LAKES. Geologically considered all lakes are transient phenom- 

ena, althgueh in “the cases of enormous ocdies of Iresm water, like the 
Great Lakes, the statement is less applicable than to smaller ones, 
but it is none the less true that numerous small bodies of standing 
water indicate a young topograthy, whereas those portions of the 
earth's surface that have been land have passed the lake stage. 
Lakes are cut down and drained at the outlet and filled up 2c tae we 
let. The process is aided by the growth of aquatic plants and in the 
end what was once a body of water becomes a swamp and later a bos. i 
the northern portion of the United States and in Canada there are in- 
numerable illustrations of this process in all stages, and not a few 
bogs aré clearly old lake basins now filled with sphagnum anu Otrer 


relatec varieties of vegetar ion together with some trees. Under such 

swamps there is usually a bed of shell marl and diatomaceous earth 

where the middle portion of tne former lake stood and a layer of bog 
(2) 
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Ore around Lts edges. OGill learser swamps form upon the srrvacsa of 
poe land Without necessarily requiring a preexisting lake, provided 
ai ee oe i8 GUILte High and tne general geradien:, of Grainace is Low. 


Thus alone 10Ww e@astai QDlains, Such aS NOW EMIStT Of the Atlantic sea 
ane the conditions are favorable and some very extended swamps have 
formed the Great Dismal Swamp of Virginia and North Caroline is of 
this character and mot a few others of smajler size are known. they 
differ from the saltwager swamps earlier referred to, in being fresh 


nd thus (etter adapted to plant Life. None the Less they are ene 
LO the coast Tine or a geréat and slisntiy elevaced, plain amg would re- 


a 
4+- 
quire but little submergence to bury up their vegetation beneath en-— 
é 


AS 
roaching sediments. Although less extended than the swamps that yield- 

ed the eed of Carboniferous and Cretaceous periods, they doubtiess 
furnish our best alIMstravion Of the CONGLUTI Ons prevailing 16 Ghos6 
times; IG 28 e@1soO to be noted that the elevation 6f 4 Pov and chely= 
ing coast may develop om the landward side of its former "ringing pars 
and especially if maneroves are presen., 1ee00n. Gi4 very eOisiderabie 
size. Chat Bul pass Prom a Oradekasn Waser condi elon eorvthas 6) Tres 
water swamp 


TUNDRAS . The researches of Dall, Russell and others in Alaska 
have been fFruztiulL bm showing the-ere at extent and the rank, luxuriant 
charaeter of the vesetation im those chid tatatudes, im “me averi or 
Of Alaska the surface 18 un@laciated, because alvnough tac climave- 2s 
edld, the rainfall 16 insurticient. for tie ereat-aceumudarton @f shov. 
The short summers are hot and develop a very vigorous growth of mosses 
and stunted higher types of vegetation, while a foot or so below the 

surface the ground is frozen in perpetual ice. Innumerable pools of 
standing water dot the fairly levei surface, and with the soft mossy 
erowth into which the traveiter on foot sinks nearly tO the Kueces, im 
pede advance. Conditions are thus favorable for great accumulations 

of fairly pure vegetable matter and may be analogous to those which 

in some localities have led in the pass to the formation of coal seams; 
but the general character of the coal flora as yet Studied, suggests a 
warm rather than a cold elimate. Russell has also desceribed very Gense 
erowths of forests even on the moraines which rest upon the ice of the 
Malaspina gilacver. 
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In. sumiary it may be Tairly stated that so far.as our knowledze 
today gives us an indication, land growths as distinguished from marine 
are the more important sources and freshmater salts are superior to 
Saltwater. Theimost favorable condi gions of ali ars meu along Low 
coastal piains, im resions of abundant rainfall and Low drainage grad= 
ient. If to this is superadded a progressive submergence with extend- 
ed periods of interuption Which allow of great swamp development , the 
conditions are all present for the repeated formation of beds of plant 
tissue and for their periodic burial and preservation in a Sedimentary 
series. The application of these preliminary descriptions to the in- 
terpretation of @oaal Tormations in particular areas Will beater follow. 
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ne important Stages; viz. eat, Lene LUMINOUS 
By peat we understand the mass of stems, leaves,etc. 
er the erowine plants on the surface; that serel 
eture of the woody tissue; that 1s @uiltve Picoherent, 
LaGkish brown Syd DoOtably Carboni4zed. Lf eae tissue 
6 deposit tne vegetable structure may 5e more or 
the subsequent analyses will show, peat is high in 
contains a laree amount of water unless KRiln-dricd. 
lienite or brown coal (Braunkohle of the Germans). 
ariable but in general they aré much more compacted 
gin structures are more obliterated aitnougn often 
Ps dark brown to Hearly black, put an fhe Jess case 
nm, Chemically the oxysen has notably decreased, the 
bly, and as freshly mined the percentage or water is 
tham the true coals, Lienites are inclined to air- 
and SBLouUsn away Go a black mud It. was 2Ormally cus= 
ali DPast=Carbenifercus coals as Pigmites and mare 
geulogical ons, out the development of Uretaceous 
n the West, which are quite as go0d as those of the 
he Hast, has rendered the geological distinction of 
e& if that of bai tuiminows "coal, celled e186 Srome-coagl 
ra konle of the Germans) Ihe name DLCuMmL_LNOUs- 1s 
© SUSPESTINGE Gs Ae 0ses the admixture of a "bucumen” 
Acwordins TO Uiie ld Son CepEtOls. Dike ay ES) soc 
bo be eaavantageously replaced These coais ve ais 
asarnst ‘the hard anthracites so much Umsed an fares ag 
ice oF vegetablé structure to the naked eye, has 
» GLENOUEN MmOre ur Nese Preserved and specially “vie 
ar Layers Whicn We wsualliy Gall “mineral charcoal” 
the Germans.) The color is a good black. The oxy- 
decreased and the hydrogen notably boy the percent 
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age of water is low and the tendency to air-slack much less marked 
than in the a oe In anthracite tne vegetable structure is hut 
rarely apparent; the coal presents shining, lustrous surfaces and com- 
pact, homogeneous texture. The decrease in oxygen and hydrog3n is 
very marked and the carbon has mounted to above 90 Te The nitrogen 
has almost disappeared ae the water in the fres shly mined coal is Low. 
iné ANthraci tes Yesrst eair-slackine much the beset of all. 

The general course: ae these chemical chanres is shown in the Ssub- 


JOined table WAren 1S practically accepted by ali Suthori ties: ~AIa 
these anulyses are reckoned on an ahs-free basis, and are selected 
from a widely varying Series so as to be as representative as possibile. 
Under each kind of coal, ete., later on will be given many actual an- 
alyses . 

6 H 0 N Total 
Woody Tissue - - - - BO om 45, if LOC. 
Peat - - - --- - = an, on OO Phy TOO. 
Lignite- - - -- - 69 SIS ZO 0.8 LOG), 2 
Bituminous Coal- - - 82 oP LS. 0.8 LOO 28 
Anthracite - - - - - S88 Zio Be Lrace LOO 


The further stage in the process would be the elimination of oxy- 
gen and hydrogen and the change of the carbon to sraphite. In the 
Rhode Esland-Massachusetts coals this is in part accomplished, for 
tbhere apparently 16 much eraphite substance throu igh the @o0al,; and an 
many graphitic schists and quartzites we doubtless have the pure meta- 
morphosed carbon. Some close chemical analysis is necessary, however, 
GO make sure that in the Rhode Is¢tand ease we fave ae still some hy- 
drocarpons, very high in Laan for in the published analyses hydro- 
gen and oxygen still appear in considerable qmount. The last stage of 
the cehnge leaves only the mineral residue or ash behind. 

Ail the réactions in the siteratiog fram plant tia6ue "to “cea we 


do not fully understand notwithstanding the fact that the main feat— 
ures are sketched above. The conditions that have surrounded these 
great beds of vegetable products while buried in the earth. cannot te 
reproduced in the labor ratory although many attempts have been made. In 
some cases it doubtless occupied vast periods of time, yet in instances 
timbers buried in old, abandoned chambers of coal mines, especially if 
such nave been temporaétily on fire, have changed in a few years to 
cOal, anc may even be coal at one end of & Stull and wood at the ether. 
Bet. Moffatt,(M. BE. Heb.1887)deseribed such a case from Seranton, 
LD. WHiGh 2. Stuil. £O Ft. Lone, and somewhat crushed at the upper end 
was Buried in vefuse and g0b in @ burnings mine for thirty years, Cn 


being excavated it was found to graduate from unchanged wood at the 
base, een oe charcoal to a true bituminous coal at the ton. Sinilar 
cases have been met abroazvd-(Mietzsch. Geol. der Kohlenlager, p.234). 


fhe @ondition, of thé woody tissue-at the cuiset of the deposition 
may have exerised an important influence. If more fully oxidized in 
some deposits than others by reason of longer exposure to the air, the 
subsequent result mieht be more cr Less modified. Thus 7, J, Stevenson 
regards such an original, specially oxidized material as the chief 
cause of the formation of anthracite in the coal Series of Pennsylvania. 
it is conceivable aiso that variation inthe tharacter of voecetacron 
might exercise some, though probably not great influence. The compos- 
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f coals has been appealed cu as throwing Liznt on 

oe : fe es a ADAP AN wath th P 
eter of the deposit when Tt ts Gompared With the com-= 


A Me te 


HOST TION oF "wood-asnes. In eri Vsuceh compari sions the mechanical “Sed ie 
ments mostiyv free sililiea and silicates of alumime end Lime ane Tie pu 
PLLtiations ehielly auarww, Galcereée Gnd sy osSum, Nast Det lert, out and 
this tavelves dariieultres; “After making such Aaleowanses at 18 tle 
anparent that alkalies are less abundant in coal-ashes sna in wooc- 
ASS y and the inference is that in the course of carbonization the 
alkalies have been leached out by percolating waters. In tne end so 
many VEaYriables enetr iheo the problem ald sO many chances of error pre- 
sent themselves, that but Little enecurasement as alilordeay 071 reach 
ing reliable results.(See Dana's Manual of Geology, under the Carbonif 
erous Agse~ for an attempt). Fossil plants 6ither fm the coal itself 
or in the shales ef toe root and Tiloor or in Shale=par tines "ano miline= 
slates 1m Gnhe Seam 2 tseliCeive Beea Petser PGi Ca Tom et Be cenewat 
character of the vegetation, than does any other form of data 

The great Increase Th density whieh has taken’ place im the ail tere 
ation of peat tO €6al( the specifie gravity of the Letter ranges from 
i,oo GO L465 POr bi cummous. 25d. Prone leSa5 to Leos For anthracite. We 
is 2.08 for eraphite.)has siven ereund Tor thinking that the deposi ts 
have been much compacted and that a coal seam of Six feet represents 
many times thatthatkness of fresh vegetation Allowance must also be 
made for the evolved products Gurine they chanse, and forsthe Gace that 
the Tossil coal plants tadicate that. ther carbomiierous, Vere tari on, Sat 
Least, Was derecely say ee and Of SOfE, SHOney tissue Lami ee 
and lepidodendron logs that must have been two or three feet in diam- 
eter We cipem See i oe S ed k P ane ingens or 
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very appreciable manner, 14 is justitiaiie to infer, theretore, tae i 
a cOal S€am a Tew feet thiek represents several,certainiy two or- three 
times ee thickness Of uncompacted peat and that the oOrieinal srowin i 
was correspondingly luxuriant. Where seams reach great thickness as is 
in . case of eastern Penmsvivania in the Hee ee bed, and in Sacth- Al 
western Colorado, the growth was correspondingly heav unless it was tal 
increased by material transported from a distance a 
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course extracted from the atmosphere, has led many to ex -patiate on the He 
ereater Piehnness| 10 carbponscsacic . “The ih ae have been characteristic 
or the a in Carboniferous times, As the Crétaceous and early Terti- E 
ary periods are hardly inierior tothe ieee erous as coal producers @ 
the same argument applies to them. if it were possible to obtain an i 
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estimate of the amount of coal in the world as $0 assume 1ts composi-« 
tion anc turn it into the corresponding amount of carbonic acid, i% 
would tren be possible to see how s 6 a enc iY ChE COMpeSTeaon of 
the earth's atmosphere(whose present weight in composition are very 
well known) this ee WOULO TAvOLVe.. 21 5°R oe probable that the 
increment would be practically Lost in she itech DUE &k of the atmosphere, 
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and that the change would be but slign ht. 20 tance if we assume a 
layer of eoal loft. thick and 752 0. Gverial 1 nown tang, i¢ would 
three fourths as. much carbon as is in the atmospheve to- 
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day. Eun @8 @l] the=-coel of the World is probaly nom a firth OF hase 
the inerease of the total COs in the atmosphere, were ai1 tne coal 








turned into this gas, would bring about no greater differences between 
the atmosphere of today and of Carboniferous times, than between that 
now found in the country and open squares in the city, or say between 


ery 
.OBS % and. 040 f. Whether this slient difference would have any ap= 
preciable SHimuilus OCA planct-srovts is very probiémati cal, 


C5 


Es non pé added that there ere forms of coal; thatuyvre may best 
call asphaltic ¢eoals, and take Up under petroleum Which fill fissure 


veins and are eBearly derived fromesome Torm cof hydrocarbon analosous 
to oil Or bitumen and which have been deposited by infiltration pre- 
cisely like a mineral vein. Coal seams have even been referred te 
tarry residues Left by the evaporation or polymeric change of vetrol- 
eum lakes; to the separation of the carbon in some extracrdinary alter= 
BU LORI IG © Limestone and to Various @ther chances sources, but such theses 
have limited foundations Gn reagon, and belone rether to the euriosi-— 


ties of literature than to science. lMany other more srotesque views 
have been advanced in the past a brief review of which may be Pound in 
Muck'ts Chemie der Steinkohle- ~.145. 


Note. “All textbooks of Geolosy and On subjects connecitec with coal, 
such as coking,étc., have more or less about the Scientific rela= 
tLYons Of these minerals 

Ja W. Baitey, Onm-the detection of spirally dotted .cr Scalariicm ducts 
and Other vepetabile tissues,etc. in Anthracite Coal Ags oe al 


io LOT 


Baltzer On Hypvothese uber die Constitution der Kohlen-Vierteljahres- 
schrift der Zuricher Naturforschenden Gesellschaft- 1872- See 
also Nis WSS S26 25625 
Te Ge. Bonney. On the Structure and Formation of Coal Geol Maz,L.Lo7. 
ds Ws Bunger Veetetable Onisinm of Bavaract ve: Adi owl, SL aL ee. 
A. Cocheteux. Des diverse Theories emisses sur la mode de formation 
de la heuille eto. Ann. @.1. Society Geol. de Belsique— 1385-6 
MOE rea stel bis, Oe. 16 poner. 
T. Cooper. New Theories of the Formation of Coal- EH & M Jour.Auge. 146th 


e.Geol.Soae.London 
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» Wawson. On the vegetable Origin of Coal. Fr 
Vor. 3M. 626, Body ae “i Reh eo, 

fas DES BEPUCTUres Gn Coal. GidsGed. XV. 626 
ZO". a 
Ly brown Codd. Kept. on 
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" On,Spore Ga 
Be Te. Dumpie. * On 
Brown Coal anc 
Khrenve On the Mi 
a ibaa: NG ES EL 
Bayoi., tudes sur i! 
hoville exposie 
ViTE: Serge. 
Goeppert. On the Orisin Of the Chal or Sitesia. Prot, Brit. Assoc. 
From the Athenaeum. Sept.19.1846. 
Hury Grand. On the Origin of Coal from transported Material. Annaies 
des Mines. 18662 
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, Svocley. Formationwet Coal. peams. Amer.Geol. II. 534. 
To Os omit. Phe Orieim Of Anthracite. Nat*L.Acad. Nov.isso- 

Charter on the Pyroschisets in Chem. and Geol. Bssayvs. 
Cc, Tn. Jackson. Bitumaimavation of Peat and Conversion 16a Coal 

Ae a ee eee roe, 
WW, R. Jonnson. Some observations on the “echanical structure of coal 
with evidences of the chntemporancous origin of itS various kinds. 
PRile. Acad... Sea. Vol. Viel praia Pro leee. 
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S a1 S50. Asie lai. Se Sees 
L. besquersux. Of. some duestions eonceermime the coal Tormations of 
North America. AGO SSeS Bw ROVE dee Cie ee 2 Gen be A 
BOS Ce en 20 Get  SOOCy 72 67 oe 
' On the Vegetable Oricin of Coal- Ann. Rep.o2ad-Penm: Sunvieso-= 
Fo =O Pees 
" On ther 0fisin of liepite— Haydens Survey 16/72. D. S50. 
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i. S. Lippincott. The Hist. of Anthracite Coal in Nature and Art ~ 
Aig Wat wR. Gh. 

GO. Ispelt.. “On the OPL Sim oF Coal Paelos and the Tame required, 1or 
their Porma titi; —1eand.54 a « SV Sou Prom Proce 367. oe Gr era 
Ma. ei Sa. 
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Hietzsch. Geolere der Konlenlaser=9 Lbeipzaie here. 











#. Muck. Die Chemie der Steinkohie.” “leipzig: 1391. Rec. | This work Was 
preceded by several related anes. 

H. O, Neathurst. Formation of Coale 2yG Made \ilerch ly ooo eye. 

Jd. S&S. Newberry. On the Mode of Formation of Cannel, Coal. AV eos, Se 





REVIT Bie. 
" Origin and Relations of the Carbon Minerals= @mnais: Nvy cad oi. 
Vod. Iie Dero... 
" On the Physical eondieioms under whieh Coal was 7ormed— 
Omarterly VoL aiV «~ 2; £690." Geol, sur Ono. Vole ee 

" On. the Parallelism of Coal Seams. A.d 5.2 Gia. Vil.o67- 

C. Ochsenius. Nebér Kohlenbildume.  B.@ Hy Zeit. 2802. 6/ anc subse 
quent numbers. 

How. Octon. Unfinished Prob. relating to the, Geology of Coal. 
AACA. LOSS. 

VLN. Pease. the Carboni rerous: Ape and the Origin of Coal soe a . 
Pept .J0-1695. poss]. 

P. @,. Réeinsen,  Micro-palaco-phytolosia formationss carboniterac ere. 
2 VOLS. 1600 ilustrations, 10S Plates. Eriansem. ieed. 

" WMikrophotographien uber die %truktur und Zusammensetzung der 
Steinkohle der Carbon- 73 photographs and 13 plates-LeipZig 1682. 
Neve Untersuchungen uber die Mikrostruktur der Steinkohle des Car- 
bon, der Dias und Trias- 94 plates. lLeipzig.1881. 

The above works are an endeavor to prove that coals are derived 
from marine organisms. The conclusions and the character of the 
evidence cited have been severely criticised. “ee Acd.S. Zid. 
AR. Lb. “ANG Nati XV. aor, 

Ae ROY. Origin. Of Cosel. Buc tig. Gio ero ook. 
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“iad, Biewgnson. On the allészéd parallélism of Coal Beds. Proc. Am. 


PRED. BOG. AAV . SOO. “Mol On ot tl. Fo Baie 
me ive Ot oar cE the Pennsy flvania Anthracite. Jour. of Geology. 
Le ORs Lee... 


J. HE. Tesehmacher. On the Fossil Vegetation of Anthracite Coal. 








Aad wf, BL. LV) 2200 “See iso A A. GEOL. anc Nat, aay. 
" On the Resimous Havdre or Coal. Best, Soc. * 4 Bre, =. 
oe ERS se ae sO 


u, Jethered. . On the structure of Byetighn and American Carcomit erous 





Coals- Geol.Mae.1.515. British Assoc. tlontreal Mee vinge-1ee4. 
Bid gioe. 0 ee ORV. Sey « 


G, AK. Write. Rep. Btate Goo, lowa- 280 & 200d Annual 2866. ©. 227. 








J. Wiesner. Neber den mikroskop.Nachweis der Kohle etc.- Sitzungsber. 
de Ka. ky Aka. GG. Vissenccm. Viren) te oro. 
Cree Zincken. Die Phiysioeraphie der Braunkonle- Hannover 1ac7. 
" Hreanzgung desselben. Halle 1871. L 
Hs. LIPKET On the mierostructure of Coal=_ Mikeoskop. Belcat. der Nin. 


und Cos. EO Nhs Daaee fe . 
\ Fetresraphnie, Efi. 1694. 587. 
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GHOnOGT CAT DISTRIBUTOR. Peat is limited to deposits of recent 
speological time, none dating back of the Quaternary, Gr a0 mMOsG, Jatess 
Tertiary. Lignite or brown Goal is chiefly derived trom Berta, beds. 
some however, being as old as the Cretaceous. Abroad 2c Gecurs even 
in. JUYaSsiGc, Zriagssi¢ and Carboniferous. strata. The pranecipal horazons 
in AMericad are the Laramie at the closé of the Cretaceous and in the 
Hocene. of the early Tertiary. The latter of thease formations is call- 
ed the "hienitie’. in the Guilt States... BULL the Seme’ horizon, as in the 
casé Of the Laramie, may yield lignite in one part of tee country and 
in another, where metamorphism has occursed, May Turnish excellent bise 
UMINOUS OY SVEN anthracite coal. Combe eroper Of bon principal var 
evles are mostiy Limited tO two preat Series Of Strata, the Carbonii— 
erous in the Hast, and the Laramie of the upper Cretaceous in the West. 
There aré minor deposits an the Jura-Trias of Vireiniae end North, Caro- 
livia; in, the Dacote of, bhe lower Tertiary on the Facific Coase. | Ane 
LiPaecite VS 1 far the ere atest quantity in eastern Pennsylvania, of 
Carboniferous age, but local metamorphism dus £0 1SneouUSs intrusions 
nas caused 1s Sopmetion trom Laramie. coals, near Sama. fe, 1.1% 
Crested Eutte and elsewhere in Colorado, and tn one or two less devel- 
oped places, as Queen Charlottes Isiand from carlicr CGretaceocus Coals 
etc. Graphite is Ghaeriy Pimited to Aarchacan rocks bus 15 may Se. 4 
resurt of contact metamorphism in rocks of any age. 2t is. akso0 found 
im Taissure veins. 

CHEI-ICAL ANALYSES and their INTERPRETATION. There are two methods 
of chemical analysis .practiced, the complete or elementary and the 
proximate. In the former the absolute, elementary amounts of carbon, 
oxygen, hydrogen, nitrogen, sulphur,ete.(all but the ash.) are deter- 
mined without regard to combinations. This is the older method and 
has largely fallen gnte disuse on account GP 2ts relative o1 tt cul uy 
and because it does not give the information about a fuel that is de- 


sired in practical adaptations so well Aas thé Simpler, groximate method. 


it does however afford data for scientitic deduetians abouts the chemi= 
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cal nature 
nNyvoximate 
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OL Coals. 
method, 7 
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general purposes 


and about their calorific powers 
hase 


Hot. siven by ie 
analvses are calculated for ash-free substance 
Of Classification and cOuparision. and 


re based Of Material dried at 2i2 desrecs FF. 


tre followine table witli 














serve as a basis of illustration. 

tehatn tae aes ce ora We Geen pi et ek ae ee | es 
Peat. ear ee eae aint a! es Re | 

Cee a eee memnen ian I 
| 1. Sphagnum (dried) | 25.86 6.54 “42.42 116) me 

2. Condensed Peat _ 20.0 : a7. | 49) 22.9 : cas 
: Lignites. : | | | : : | 
| oe Ger ho. Aye. | 7.65 | 65.65.) 4.60 | 19.44 | ape 08 O76 | 2.80 | 
| 4. Morrison Col. | 8.20) 64.05 | 4 SOU ee O70) 0.8L) aoe 
| 5. Kanawah Ut | F465 | Borgo | 6250) 25.07 | oe 0.90) 2.83) 
r Oy. 2b. Beranole 31) C. B00 eo 20 5.22 | Zocbe? O70 2.68 | Ieee 
| 7. Robertson Co.Tex T6400 54.46 | 441 16.07 2 0.96) 7 
| €@. Coos Bay Ore. VS 28 | 66-24 (3.56 2ivel O42 Olen 4.05 | 
| 9, Alakka | 16.52 | 55.79 | 5.26) 19.00 | 0.6) 0.65) 4.187 
| Bie. Coad. | | | : | . | | 
(10. Whiteside Ténn. | 2 OAT 76, 8S 5 bb OC ie 2 el, Baoo) 
11. Briar Hill 0. | 3.26 | 77.88 | 6.20/ 7.65 1.51 | 0.64) 2.84 | 
| be. Bregi i lie. | 0429 76.05 |} 5,88) S215 bay) 05.80 = 272} 
|13. Connellsville Pa | 0,89 | 82.48 (4,50) 5.611! 1.45 0.94, 4.15) 
14, Urested Butte Col, | 2.00) 74.29 | 7.49) S210) 1120) Oot 
|15. Blossburg Pa. | 0.69 | 61,08 | 5v20 )  ea2e | 1.50; 0.68) 8.75 | 
: Anthracite. | : | | : | : | 
[16. Spring Mountain Pa.| 1.97 191.40 |2.59} 0.081 0.21] 0.71, 3.04) 
lav. Lykens Valley Pa, | 0.75-| 62,89 14.53 | 0.48) 0.64 0.62) 10013 | 
'1@, rected Butte Col. | 0.72 162.50 Sas 5 4e5 1 Cea, Ue 
19. Santa Fe N.If. | 3,10 | 7a. 37 | 2bes Sl 2 ve eee Gees 
|20. Queen Charlottes Is. 41.90 | 75.95 | 6.05 | 6.01 | 1.40, 0.95) 7.96 | 
Aneadyses Nos.J&2 are from Johnson's Peat and 1-5 Uses, ~.24 and Ds nO ON, 
No.1. is unfortunately réchoned ash=-iree and dry. @herée were Bes, ash 
presént. 26.8 3.4.5.6.14.18.8n0 20, are oy UU. Be suneetl fron ster 
wens in the Museum of the School of Mines, Uolumbia Colless. see Jour. 
fied + <Ch em, SOC.) Ani ioe Munsell also gives two complete aialyses 
Of peat, bul TOO. 20 an gs tO. 26 area NO.8 @,c @, are by H. S. 
Munroe,-on specimens from the same source-and are quoted in Mfacfarlane’s 
Coal Pemions of Améerica-p.057. Nous 10.1 L122, De2) > leet eave oy Ce als 
Lilienthal and were made im 1671 om Specimens from the same SGurce= 
furnished, like thé ethers, by Prof. J. S. Newserry.  tmey are eako 
from the records of the Geological Department of the School of Mines. 
To. 6 6 from 8. T. Dumble'’s Report on Brown Coals etic. = exas Geol. 
Survey. 1892.'\p.217. In 6a¢h Of these references are numerous other 
Simi lar lalyses. 

These analyses bring out strongly the general relations of the 

elements which were mentioned earlier. The progressive decrease in 
oxygen and Anes lees from peat to anthracite; the small but variabie a= 
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completeness, it 18 customary to recalculate, excluding theiash. “ihe 
relations Of oxysen and hydrogen: are then fi tr out by speaking of 
the Latter @s.combined and sdisposapile, 2% is assumed’ khat She nydros 
cen Will combanse aa foe Oxypen tO form He Oluntil ine lateer is ex 
hausted, and the amount required is the" combined” hydrogen; @he excess 
is then the eRe The latter may be obtained by Subtracting 
One eighth the percentage Of Oxygen: from the total hydrogen. There is 
always sone disposable hydrosen and in true coals (bituminous or .stone 
coals end anthracite) thé Gisposable is eivays in execesseoT the com- 
bined t is further oftem customary to calculate tae number of paris 
of oxygen and hydrogen per thousand parts. carbon, and On the ratics of 
ese results ¢ ASe diScussion. hi None 2¢4, 11 RE To) Bao ane Las eb. 
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Sacrve members of there movers | elasses are 


He Oo MC} 
ee 


Oo b 
WhLGH are repress é re 
calculated, we obtaanm- the follovine tabbe,; Bea reach case eet ae 
the water and ashes Lhe HO.25- 2A order £O Obtain the disposable and 


cd 


oy vee a 


7 as 
combined, hydrogen, 2 7% Of Supposed nitrogen; as 2 fair average Value, 

have béen subtracted from the combined OQ and MN.  daethe hydrogen, the 
error could be bust One=eliehth of ae OXeess Or det pelency 1m tle as- 

Sump tA GN.a 

aR Se i NIUE, at I SO aN Re Ne eee rao 


| | | 
| Peas. | ome t ipa, 
gros narunrbivhd reese anasao Naess elf at an Pape 
2. Condensed Peat 62.93 6.55 
DEP Ge. | | 
o&. Carper Wyo. 70.654! 5 
Bits. Goal. | 
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ll. Briar Hild 0. | 62.96) 6.60] 8,15} 1,762 0.66 5.58| 1.02 
15. Connelsville,Pa. | 86vGR) 4.74.) 5.9 Bees) sdedo) 4.00) 0.72 
15. Blossturg Pa. | 89.60) 5.75 2.47/ 1.45| 0.75) 5.44) 0.31 
Anthracite. | : | | 
17. Lykens Valley Pa | 92.98 5.09) 0.45 0.72] 0.76 5.04 0.05 
| 


If the above values are pecs teu ated SO aS tO Sive FALELOS Of Bie pasis 
of 1O00 parts carbon, the followings table is Obtained. Yhe disposable 
and combined hydrogen is usually expressed in ¢ 
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a« Carbon. Wyo. | 
Bit... Coal. | 

ii Bria sir. Be. 1000} CIs 

SS. COpnelevilio Pay 1000, 

Do, BLOssture a. 1000, 64.1 
ANTHrac? te. | 


|L7. Lykens Valley Pa. | 1000| 54.74 
| | 


46.05 
OO 7a: 


| | 
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| oe. 22 Mens 12.99 
| tc | 

: | 

| | 

: 54.21 | 











The proximate analysis is now performed by general agreemeat, by 
first drying about 1 gram of the coal in a Weighed platinum Eruecinie 
a¢ 100-115 C.until it reaches a constant Weight or begins again to 
slightly increase. It is then heated in a good bunsen burner 5 minutes 
and in a blast lamp 3 minutes, cooléd and weighed. -The loss gives the 
volatile hydrocarbons, and the residue indicates whether the coal cokes 
or not. Foreign-practice requires a bunsen flame of at least La em 
(about 7 ins) Herent and that the erucivie, set in a fine platinum wire 
triangle be placed in it with the bottom not over 5 ¢ m(1 1/5 in. irom 
the top of the damp. “Ghe coal is then ienited until flames ¢ease 6 
come off- no time Limit being set. Arter determining the 1o0ss, tne 
remaining "fixed carbon" is entirely burned off, and the residues is 
the ash. Sulphur is the most frequent element estimated, but in metal- 
lurgiecal practice of course all the elements of the ash are needed. 
The proximete analysis indicates the behavior of the fuel in practice, 
whether rich in gases or poor, whether with a long flame or short, 
whether coking or non-cokine etc. In the classification of coals in 
America we calculate the ratio of the Tixéd carbon to the volecile ny= 
drocarbons and use this as a short numerical imdicavion of tne ehar- 
acter of tke coal. ALL this will be taken up Later im speaking oF che 
classification of coals-but as illustrating proximate analyses the Tol- 
lowing table is appended-standard fuels being selected so far as possi- 
ble. 





























a a a ae a 
| Peat. i ee 0.l¥ Bye Sed Cp Rapian Ase oS. | 
eres PRET REE Ze ree earn a Eee Seu serena 
"1. Dismal Swamp ' 20.22 | Ses) Baybee) Ona ewes | 
Lignite. | | | | | | | 

2. Vogel Mine Texas ) Lore | GY.85 | S740) 0.98 | 6,20 > 0pee" 
5; Golden Col. | £8.48 See Cee eT i nee : 3.85 | | 
4. Rock Spring “Tyo. | 7 06 1 Been ia ae | aa ) ah | 
Bit. Coal. | | | | | | | 

. lay Co sind: Se Oe NORE ee a ee ee 

6. Briar Hill @. | B68 b Be.BB 1 "622664 BLOe | ee) Ore 
7. Commelisviile Pa. 2.26 1 SO0.12 | S08 S87 B23 | oe 
Semi =Bia. Coal. : | | | | | | 

8. Cumberland Md. | 2.23 | 15.47 | 73.61 | 4.75 | 9.09 | 0.70) 
Anthracite. | | : | | | | 

9... BL Wed Rd. “Pe. | “abe - S008) 8638 (88.02 7 6282 | 0.50, 
10, MN. Pietd Pa, | 3.42) 4.38 | 63.27 |19.01 | 8.20 | 0,75 | 


No.l. is by BY O32 22an 2 beavite Os Peat) oe .4ee 
No.2. Dumbie's Rept. on texas Brow: Coats. pp. aez 
No.3. Thineral Resotreses Uy Ss. 1565-84 pp.” LOL. Wo.4.pidem 26% 
No.5. GO. £687%. 240; Ho.6- idem. 60; No.7? 00,  2eea-c= 17 an ee. ao. 
LOSSso=. 210.69 an@ 20, do. LSeé-G4, 62) 
Other methods of assay are employed to determine the GalLors 


ific power of the coal as indicatedby tie amount of litharge a grain 
(15) 
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Will reduce. The best method is that of R. ©. Hil’s, as réferred to 
below. It is also customary to speak of the sum of the volatile hy=- 
dréoecarbons and of the Timed carbon as indicating the fuel value-or 
fuel percentage (see paper by H. M. Chance cited pelow). Ail these 


questions are metallurgical rather than seological but they are nec- 
essary to ine true estimate Of a fuel. Some additional distussion of 
Oals is given furcnher On in speaking of their classiticariron. 
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CARBON MINERALS CONTINUED 
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Peat, Lignite or Brown and Post Carboniferous Coals. 
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PRAT .- Peat is of sreater Selentiize 
importance in America, although in many fcr 
Ireland, and southern Germany, it i 
at condi t ions of ths growth were mer 
and fairly moist climate for ats be 
found in temperate bo COlG Lavi ii is 
Sphagnum, a moss which has a great "panies for mo 
tinually ee fron its decaying stems. Wath 1s 
much heather (Ce alluna ) that ts lackine in -this ¢om BIE Wetn ws 
many grasses, aquatic plants, and even shrubs and GOnGripuGe FO 
the accurulation. The lakes of the glaciated region that are gradually 
filling with vegetation are prominent sources, as are beaver-meadows, 
(14) 
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and for saltwater accumulations are sea coast swamps. All of our cen- 
tral and northern states, and all the provinces of Canada are abundant-— 
Ly supplied. . The American peat is principally used as a-Tertilizer 
under the name"muck”. It is often advantaceousily spread on Land, or 
Mixed With compost heaps. AS a Tucl 19 26. pow Of No yractical eccount 
because of our abundant and cheap supplies of coal with which it can- 
not compete in any degree. But in the decade of the Sixties betore 
this was demonstrated so completely there was a great deal of interest 
in ‘the subject and a mild craze for the preparasion. ot this fuel swept 
over che country, leaving 4 trail of Timancial wrecks: im Lts rea 


ear 
were invented tO dig and compress it and many Attempts wv 


achine ere 
made to place 2¢ 0 tie market by BUECAUGS property of apsorbines water to 

the average amount of 20 % which must be evaporated in its combustion, 
Wii he Loss cr Just that anount of calorific power, 16 the most ser=- 

ious drawback, added to which are its pungent and penetrating odor when 
burned, and its frequent high percentage in ask. 

Peat bogs (English term"mosses!") grow with sreat rapidity, 3-6 
ft. being recorded in Germany in 20-30 years {See Geikies Textbook of 
Geology lst Edition p.460). They may climb beyond the immediate loca- 
tion of moisture (climbing bogs) as they draw after them the necessary 

uUpplies of water by capzidary attraction they may invade forests 
from changes ani topographical relations and from their antiseptic 
Dr Oper Tles, Preserve ease climber for Longe periods. such logs Bave 
beem dug up and utilized in southern New Jersey and abroad. T1¢e same 
antiseptic influences have Pec the remains of animals and even 
of man, In the. town of Monteomery, Crange Co.,.V¥s the bemes 0F mane 
mastodons have been dug from the peat within a-range of 6ight niles. 
Péat boss enclosed an depo Sits. of glacial drift have proved of -consid-= 
erable. geological interest 1m their bearing om the questicm cf one or 
more glacial epochs and the advance and retreat of the ice. Extended 
ones called "“Torest beds” are krovwn in. these rélatsaons in lowa. 1s 
frequent association of shell maris and bog iron—-ores with peat has 
already besn mentioned. 
Elementary Analyses. 
iti ghee Nn nei Rene an meee rent ee eee 























. heel lin | ae een lee fe eae yk ee 
1. Oswero N.Y. | 44.11 mee 55,59). 0.78! | 15.57! 10,30] 
2, Ravenna 0. | 57.84 tell 21.18) o9 34 | 0.20; 4.95) 7.95] 
Di SS | SL .eb | Cee + 16.48) 2.241 6.26) 15.66) 12.60] 
4, Condensed Peat j| 47.2 | 4.9 | Eas | b BeOO] 205.00) 
Proximate Analyses. 
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ee ee eee 7 ee: Hos cour kmer /Ciem Soe. Ali No.4. 

Petash | 0.69} 0,80 | 3,46/13.04| The water is lov for air 

Soda pO. Be | to-| 6.36|dried peat-and in 3,the sul- 

ime 140,52) 35.59 | 6.60/10.31) phur iS Unusually his, 

Magnesia | 6.06; 4.92) 1,05} 5,15) 4.J0hnsen=-Freat and its uses- 

Oxides of “iron | | | ! | p. 100. - NO.8 8 eh 6 Leavist. 

: ana Alumina | ae ya O.. 06 +1589: 1.7.26) Facts about -Peat-p 47.0.0. = 

Phosphoric acid | 0.50). 0.77) 1.55. 4,12) Johnson Analyst.No.s 7 to 10 

[Sulphuric acid | 5,52110.41| 4.04; 4.47) Idem.p.148, B. Silliman.An- 

‘Chlorin | OEE: 0.48% O70! 4.23 elyst. No.6 11,12 and 13 

Soluble Silica  Bu2s) Ao! | 9. 02! Jonison-T ve, p.4%. We.il. 

Carbonic acid | 19.60; 22.281 : (ivorr Poquonmnoce Ce oY bare 

sand-or Insoluble [Ae 11) 1b 04 i. 126.86) Ker Analyst. No.de Colebrook 

Dota. | 99.131 0.74 152.99 99 69, Ct. O.C .Spanow Analyst. 

{ i / j 

No. LS Guiltord Ct=P.'C6licer aAndivyst. No be; Ash of Sphagnum palustre 

Websky Anal. from Sense Himes 666, —.156. The voral “Dercentase of ash 

was 5.88. Comparatively few analyses of American samples have been 

mage, but many forelen ones will be Pound in the citations below. 
LITERATURE ON PEAT. 

Note. Textbooks of Metallurgy and technical chemistry treat of péat 
as @. [U6él-as @ Beneral thing, With analyses of beth fresh neat 
and ashes 

Drange. On Péat.and its Products: Proc. Pay See, Jan ay: 18ol. 

Atheneum L2E7= Avg. 8.--T1. BE. 440. 

G. H. Cook, Peat in New Jersey. N.J.Geol.Surv. 1868-698. A number of 
partial analyses are given 

©. L. Dana. Muck Manual- Lowell 1842 

Ss. WV. Johngon. Peat and its Uses as Pertilizer end Buct=N.¥. 1856.” 25 
cartier and shorter report was published in Hartford about 1858. 

The later work sums up the peat question as regards this countr 
quite satisfactorily even t6 this day. Ree. 

N. Gowenlock, a and its Uses. The Cultivator and Country tentleman 

Da oche BEAvI TG: Saeedl apour Peat, 1667. A pretty conple te pilation in 
the interest of the authors peat machine 

i», béesqueresux.” Sphagnum as a Peat Maker. Haydens Rep.fS72. Grsted in 
Aad £3. Lib. VEWSBS. SEE also-Paper on Origin of Coal-Ann.hep.Penn. 
Geol, Surv .1L See. =p2v0o. and rs classic essay Quelques Recherches 
Sur les tiarais Tourbeux-Neufchatel .1844. 

vir ChaSo-Lyeti, Principles. of FeQloevel].o02. Antiquity of Jian. 

YT. J--Me.Gee. Intergiacial Peat Beds in Tows-Bleventh Ann. Rep. Dir.v. 
Geol.Surv. p.486. The same subject is treated in gseneral works on 
the Ice Age. “Por one in Ohio See Al .o. 21% eee, 

Jj. Roth. Chtm. und Physik.Geologie, Vol.Il. p.$39.A valuable biblio- 


Fal 


SYarhy LS Siven. 
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penft. Humus-,Marsch-, 
Rec. Gives 


Torf-, und Limonit-Bildungen rae 
a bibliography somewhat antiquated. 
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POO. Uae od So references fiven on ay. 

Be G. Baylor, BStarttstics ¢f Coal Leto Contains many local data onPeat 
#, L£1°FOl, Petroserapiic 1804, Vol.2il @.6ce; A very Valuable babii o- 

Srarny LS Sie. 
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The term Liebe 26 MOStLyY USEC 16 Ymerres vaereas breya Coal is 
chiefly employed abroad. No distinction is made: between the two terms by 
most of eur American writers, boa By. 2, Dupble am che Frecens revert ¢ated 
below Festricts a6 dO ehe-Vermans, \Lighive tO eaoce Varieties 4atch SseLel 
presérve the structure of the original. wood, Walle arom €0al ae apylicd 
tO Chose Which have 1% Dut» feebly 1f et all G@evelored, th guese pages 
the terns. are used interchangeabl 4 whe serm liemiee 1h accor ance au 
the Srench and Garlier American Usage Deine pect erred. 

NO very Sharp line can be drawn bevvecn Ligcni tes and peat on bas one 
hand and between Llignites a@nd true eoais On the Siher. Pie amoune of 
water present 15 Less than im peat, and. =reater than on coals. Ine same 
is $rue cf oxygen. Im true coals the-disposacis Byarogem is aiuays 20 
excess of the combined, NOt always in Ligeites > “lienices ave Pore oF 
less DrOIN, ceortainiy. in porder, whereas trus coals are Csueliy piace: 
the plant structure is.as a rule more evident in the former; anc che in- 
dividual stems and twigs may be even abvaresnt.| bieni tes Gao mon bear ex 
PoOsure well but tend to Sleugh avay tc mud, “TRIS Was Gruc OPP fncse Taree 
Opened in the Ppraivie and Rocky iiountaan States, and sreated an cariy ang 
somewhat unfavorable impression about them fuel resources that later mine 
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Ag 
has cispelled. The older practice, basec 


ing i ACL oe, Of GhiS Saerivy €xper 

Vith- tne Tuels of the baramie, of Calling |) Post-Carvoli terreus Coarse 
lignites has not become properly obsolete and She distinction 16 a phys= 
ical and ehemical one as it should be Nevertheless it 1s a general rule 
that the Lianiees are in comparatively Lave genloei cal serrata (enveriy 
Tertiary) and that. ¢hey.are Found in relatively undisturbed and unaltere 
sediments AS sOOn as any notable change or incipient metamorphism show 
themselves, the earbonaceous deposits are among the first to feel the ef- 
fects, but even to this rule there are SCXCEPULONS, £Or the mines Dorin cL 
Denver, in Colorads are on a a high angle and yield a2 


D6 


conver, seams which e«ip 

lignite rich in water, whereas near Trinada same geological HOE Teor 
VIElas execllen’ coms ins e0as OM That S6ams.: SOMe. ODRér Saev0r mus 

have ehtered. yn this case, such as ‘he presence of igneous rock or a Silat 
Terence in the chemical composit POL Ghee Orgeinal deposits such 4s 
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ct 
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Dp 


One 3) 


10 
Breaver O¢LdatLen,s Whalen. wile accoun for che cdirrerence , 
ignites vary widely in Speci Jace Certain Lessik resins of- 

ten classed with them are Jése thar ligh ash lignites run above 
cD. Oe ee is about the avergge of ocd ones, being somewhat under 
hat Of DLtU nous cOals.- The determination OF Che Specific gravity pre- 

L SOMe dilriculLties on account oF contained @a6es5 and 1t 1s “adv sete 
to exhaust these from the powdered sample with an air pump. The hygro- 
SscOpicity 1S a serious matter for as a general rule, even though the wat- 
er contained in freshly mined material (5- 20%) is partially exhausted it 
is reatsorbed with considerable avidit 
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Pire clay Often underlies thé eo0al and is thé result of the @tage of 
quiet waters next preceding the swamp growth. From such beds some of the 
standard fire brick of the country are manufactured, as at Woodland,Penn, 
and St. Louis, Bo.,. Where.a coal seam is: too thin, to be. worked for it 
self alone, it may be taken out, along with the mwndérivyine clays and. used 
With profit as 4. fuels to turn. the latter imte brick, tite ete. thie ié 
a groving Eractice in.lowa,., Ine fire clay. not infrequentiy contains 
plant remains, chief of which are the so-called stismaria, which were the 
roots of some of the earliest. swamp plants that lead to the formation 
of the coal. Although these underlying beds are spoken of as clay, it is 
not £6 be interred that they are always, soft and plastic,>. on. the contra- 
ry they are often dense, firm rock, and are ground before being used, 
When, nowever, the underlying clays are more or less soft or plastic, 
they sometimes bulge up into the drifts and headings of mines with a so- 
called “creep”, that @1¥aes. the snrincer mae annoyance. ohales and sand- 
Stones are the Other. rocks most freque rt in. the floor and are the usual 
Ones PYeSeny 1h the. rool ef 8 seam. A oS Cirhm rool 2s Beat desider- 
: nN 


Ht 


i 

atUum @nd Lt Thess. S &@ solid Sandstone +5 15 en ints ald. £0 Wining. 
With tender shales it is at times necessary to leave an upper file bench 
Of coal as a precaution. Shales in connection with coal are usually 
called slate, put. in Sires geqlogical use a slate is a metamorphosed 
shale or clay with a new cleavage, induced by pressure and shearing. The 
coal beds are themselves sometimes called veins, and this is also contra- 
ry tO go00d geolopical usage, but of course in covery day affairs ¢gne is 
not over-particular in these matters. These shales are often found. ser- 
Viceablie as a material Tor vitrified brick It 18 rare that 4&. coal seam 
of several feet in thickness is dévoid of thin Tayérs of shake, often di 
sreat. persistency, that. divided into two or more péenches,. If Succi shales 
are thin and tender they cannot be separated in mining and are a erievous 
source Of ash, making the coal "bony", bet 27. Ssurticientiy thick end sol 
id they may be eulled out. (mining slate) and thrown on the Genny Or used 
as BOM At times Seven a ig alons a seam, may egré era ae increase in 

126.5 UNtLE LbSheres the. Seen DOGO LWo With gn I2nserveat oF ae eS Feet 
herer edi. ven thin beds of { - the thickest por 


nee have been met 
tions of sch a. parting and clay ironstons may do the same 
Coal seams are someti . 

Stone that the workings show to be somewhat Sinuous. and Of ¢ 
though of comparatively Limited breadth. They are due to the Tiliines of 
Old stream channels throug! se Original swamp. such a&.o 

cribed fror the Northe ern Anth acite Field of Pennsylvania by pote Game on 
(cour, Hrankiin Inmetitut S$ eC V — 

ally met elsewhere. Old. stream channe. 
in later Carboniferous time th | 
atter had been long buried up, as at 
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Re O 
1a vy, Lowa, (see Key 

Lowa Codls, 1694) p,162.Jand old presgbacial and drift Tilted channels 
are Met.Wwithinm the taimpes of. the drift, baci sast ane dees such a one 
caused a bad disaster at Nanticole,. Pacin 1665 > {C. A. AShburner ME. 
May 1866.) . Cracks of swalier size Tilted with clay anc sand arse. sis0. met 

cutting seams and a number of these have been figured from lowa by Keyes. 

The frequent association of beds and nodules of spathic ore clay 

ironstone and blackband)with the shales of a ccal bearing seriesiis one 
of the most widely observed phenomena These ores are best developed in 

his country in western Pennsylvania and Ohio, and in Tormer years were 
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extremeiy important but today their output has been rendered insignifi- 
cant by the infilux of bematites Trom Lake Supersaor. Nodwies of clay 2ron 
~stone cften weather to iimonite and in this form are mined. 

While coal seams are as a rule quite uniform in thickness and qual- 


1ty, SO TiUch sO AS a@imost to justary J. PP. Lesiey’ S temparasion of 4a 
short drift fromthe outerop, to a-~ sample off a Police or broadciscin, vet 
wey do pinch and swell, more or Less, and bécome pony in places, to. such 
an extent, that on-a@ new territory econsiderablo adritiline orrdrittine is 
often advisable, and lean streaks need not cause undue surprise. Such 
Experi cnuce has been met in the Loyalsock basin in anthracite and in the 
Reyno. Ae 6 basin im bituminous in Pennsylvania and often elsevhere. 
Nevertheless, coal seams are incomparably superior to metalliferous de- 
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nitormity of queliaty and resularity in taiekness 
The outcrop of a coal seam is marked by a black carbonaceous soil 
calied "blossom” or "Fioewer” or “smut” and this furnisnes: ene 6: ; 
useful indications of 1%8 presence. If the Wali rocks are firm this: out 
‘Oop is thinner than the true seam because of weathering softening and 
jing. A drift in under good cover will generally show a notably 
thickness, but if coal and walls have aa softened and sloughed 
rether and especially if on a hillside, the smut may give very ex- 
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ence and situation of coal seams are also indicated by very 
c¢c and significant tppographical features, as was stated many 
1656) by J. P. Le6siey im His cParsie. 14 ttle work “Mangal of 

its Topography" . ‘Where the eenéral dip is flaty the hilis are 
‘rosion and on their sides the coal seams appear at the foot of 
terraces or benches that are beautifull y marked in the farming and 
cleared regions of central Pennsylvania.  Gae at times can fellow tHe 
bench of a coal seam with the eye for long distances. It appears that 
the coai has softened and weathered more readily than its roof and floor, 
and caving down has caused the bench above it. In inclined measures, es~ 
pecially if the dip is steep, the eSasy erosion of the coal often makes a 
(20) 
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syiad depression elon he. cuscrop. 

The frequent presence of impervious beds of fire clay or tisAt shale 
below the relatively open and jointed coal séam, directs subterranean 
drainage along this horizon in an important way; and as alli coals are 
more or less provided with pyrite, which readily yields to the oxidizing 
action of these waters, the subterranean streams become charged with suli- 
phate of iron, which is deposited.as limonite around-the springs and see- 
page at the outcrop. These wet spots, stained yellow by the iron oxide, 
are also important indications of coal, especially when taken with the 
penches or terraces just described. 

Coal seams are often repeated many times ina series of strata with 
varying thicknesses of shales, sandstones, conglomerates and perhaps thin 
limestones in between. Some may be too thin or bony to be ever worked; 
some may be too thin for present conditions, yet of promise in the future, 
In fact, in Pennsylvania today, 50-36 in. s@ams are mined which were re- 
J@cted ten years ego, when.4 or 5 2%. were osteemeod a minim. n Kansas 
20 in. seams are exploited and abroad even less. Yhe Alabama sections 
record 50 seams and in the Jogeins of Nova Scotia Sl have been identiried 
of which 30 are 1 inch and less, and many more not over & inches, in 
Pennsylvania there are 14 or 15 well recognized seams, but of these, anda 
the same is true of Alabama, seldom more than 3 Or 4 are Workable 11 4 
given area and often only one. These individual seams hold their own pe~ 
culiar properties over distances that are really surprising, but at the 
Same time, displuy among themselves, quite marked differences of composi- 
tion and structure:. As a guide to-prospectings, 1t may be said that if a 
number of openings well distributed show a bed to be poor, the chances 
aves 1t. WLLL DOU. chamece,. foe the perrer.. 

While the correlation of seams in basins separated by intervais of 
erosion, is in. general to be made with a fair desres of accuracy, by 
means of associated and persistent beds, especially of limestons, or by 
means of fossil plants, or the peculiar properties of the seams them 
selves, yet caution is to be observed. The very circumstances of coal 
formation, indicate that however extended the original swamp or estuary 
it might have changed from point to point, might have advancec its growth 
on a delta and have failed on neighboring shores; might cease and be bur- 
1ed in one phace and spring anevy in some favoring dépression at a dis 
tance, ete. all of Which would render the correlation Gitiieutt: the re- 
cent work in lowa, of C. R. Keyes has brovug’it ©ut this. feature curanety ; 
and too much uniformity is not to be expected elsewhere. The whole trend 
OF recent seologzical work-is toward caution in these marters. 

A most troublesome irregularity in the practical development of coal 
mines is met in the faults that in some parts of the country display 
themselves, They are Less shown in the northern Allegheny Ticids ~nan in 
the southern, and on the whole less extensively developed in tne Kast 
than in the Yest. So far as records are available they seem to be much 
worse in the Belgium and french Pielas’ than in-any of ours. » Normal 
faults are much the most common; reversed faults being rare. Two inter- 
sectinge ones may cause a wedge Shaped intrusion of te hangineg,and various 
Other more or less complex combinations result. Diamond drill cores, 
giving an accurate knowledge of the succession of the strata are the best 
aid in remedying the difficulties .. Rolis and heaves and certain other 
minor forms of disturbance are more frequent. 

the general grouping of coal seams, in basins of synclinal type, is 

(21) 
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The elassification Of coals im Ghe learee way 1S nou a samele matter, 
Im earlier times pPhySicel PrOperties were appealed t6 and upon these the 


SUbDGI VISIONS Were paesed. 
LLate OF Spline ‘ecg... 
Like those i use 


and Gl 


Watts 


Cannel Coal, 
today appeared. 


a lignite or Brown Coal, Bituminous or COkine Coat, With many 


tres , Anthracite and Steam Coal. Others as BR. 

On the basis Of their reiations £6 tne mevallurey of iron, 
COal.,s. B.L. Paylor'™s POOk 2a a Very Valuable one and to be hie 
mended) but such schemes are p 
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MS! (iad a 


GOPGELY Meta Lluraveal, 
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The essentials of thé Classifications most in use in America today 
were established by Prot. Waiter RR. Jomasonm, Whose Aame cannot Ga Held. in 
too high respect by all engineers. They are set forth in his invaluable 
Feport £0 the Navy Departmen: im 1644 of the Gustitics of Ameri cen and 


foreign coals. 


The proximate method of analysis 


wee USC by Pati as Carky 


s 1659. (See Jour. Fraenelin Imetitute cry. pl 75 eso) Sad perhaps by 
Others earlier; but the ratio of the fixed carbon.to the volatile conbusc— 
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ied. thereto by His Gxpérience With Pennsylvania coals, and by tme broad 
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(i) Boe BBGi. Sho, (2) MOR. tees, SCS. (5) HiRes 1887. 476. Averace of 
9 seame, Th) MR, Teese. 2oo. (5) LR, 2686. B75. (6) and (7) 7.8. 
Potter Ligmite Coais of Gol, TLV. Whe vVol.byvd, are exirenmely bie tor 
coke. (8) Anthracite. J.3.Newberry, S,of if. Quarterly July 1833. 541. 
Contains Phosphorus 6.067. (9) M.&. 2Se2.-2.82, (lO) Re cence i.e. 
Feb. 1590, Oy MoR. Beeot 1650, rie. (Gey PLR. 266s. 275... 1s) t.B. ees 
52. (14) C.R.keyes.feps.on [ova Coal, 507. (25) Ihe. Woe, S25 aud Gece 
(2. (16) N.WoGerd. Beon.Geot.cnic,. Ve 924. (17) and (16) Crees calls 
them typical. MR. 2865. i7%. (29) Semibituminous 1 Creath. Repr.w. fa, 
Gea] Surv. 59. oo Semianthractite. M'Creath Rep. Mi, 62. (22) Hard dry 
DOCH ECL Te. MOR eho Bb4. (22) M'Creath in Mineral Wealth of Virginia, 
129), . eo) Oren. ic bid, 179, Avérace of 10 Samples. (24) MCreath 
and d’invilbliers. Comp, Southern Cokes ctc. Men. LSe7, (oo) FS. Pilemi ne, 
MOR. 1688. S66. (26) BeRemsey. Pratt Minee etc. Min. Lego. (27)M'Creath 
and GVilnvitiers bBo Isa. 


The composition of the Ash is inteortant in metallurgical appiica- 
CLONS ano a Tew are appended FO Show the general range= 


i. 25 3. 4, 
Si O> 47.90 50.65 65.70 43.69 
Alzg 0. 47.76 44.85 25.22 5D 1G 
Fe, 03 1.43 2.72 5,46 14.74 
Ca 0 1.486 oe fr 4,15 See 
M, O 0.65 oeaar tet 
K.0,Na, 0 0.49 . 768 
S. tr OBS 
P.O 0.2 0,072 0.34 | 
Loss 0.20 ae 
Ti 0, te Val 
TOO. 00° ~~ 100060 98.64 99 29 os 
| 


(i} ASh of Conmneélhisvilile e6ke-J  .B.Eritton Gv0ted by Woy. covrorw, en. Vay 
f 


? 
SRO Sas SS = — 


186s. (2) Ash of Tracy City Coal, Seduachee Valiey Tenn, 1 ee LS) fish i} 
of Trinadad Coal, Coldérado= see fo.6 of previous table-W 2. Fotter. M.BLY. ; 
(4) Bureka Mine Houtzdage Pa. M*dreath,. Rant. MM. Pa. Survey. p-2/4 ie We 
analysis is given. in péercentaces of coal and reduced here t0 parts in a ae 
hundred. Mh 
5 i ee ee ee ke ee oe ee ee eee ans 
hei 
SULIMARY. i 

the portant points For an engineer or chemist tO Dear in mind re= 


pai! 
Be composition of coals may be condensed as follows: 
ISTURE. The less Morsture the better. Hach per cent means 20 lbs 


of water per ton to evaporate before the heat of the coal is available 

All coals have some. The awéerage of 149 Ohio coals gave 1.G.Wormley- 

4.65 a of Iowa coals, 64 afforded 0.A.White an average Gf Grol 65 ike 
Missouri coals analysed by R. Chauvenet-save- 3,40 vie 97 Pennsylvania 

coals yielded en average of Ls 03 &. 


lowa. .@. A. White— Geol. of Iowa 1670. 31-.407. Analyses by Bush Emery. 
Missouri. Begis Chauvenet- Iron ores and Coal Fields 1872. p.ol. 
Ohio. Pf. G. Wormléy= Report of Geol. Survey for 1570. p.403. 
Pennsylvania. A. 5. Crear. ae whe Yorn. Repl iM. 2S. 
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ASH, the TeSs Ash the bewter Hi 
6 or 7% 2: Second class not over 12 
For ordinary 
nearer the esh 
lime, magnesia and the 
VOLATILE HYDROCARBONS. 
ing. In e€oking ¢Oale the less volatile 
cOals, provided a good coke is yielded, 
ter. 20 Be & s00d “sae coal” 
LOUOOO-CU £64 -Of easener tan. 
LOGal coals 
ShGULG. be teow, Ons ar tn New York, WALGH 
the COnditiOn. OF the sulphur in ‘he 
GiSGuUSSIOn.1S8 2iven by RB. Me.Mililin. 
fIXED CARBON. gives the great heat 
large way, the percentages oc 
be realized by several units. 
SULPHUR. The Less the better for 
chnree forms, 
Fite Or Marcasite ana’ caleic 
fies in its relation to coke, Despite 
free sulphur Gees not 80 off im coking, 
M’Creath gives as a4 general rule, that 
cOkG, Widl be’ a Little less" than tn the 
purposes may be considered the same-(' 
above). The pyrite losés some, but the 
phur even to the ash. Many -more points 
siven below- 


and extra 


~ 


C 


Q 


firing white ash coals are to be preferred, 
if ©O pure silica ana alumina the better.  I-on cxide, 
alkalies make clinkers. 

pemibituminous 


in New York a coal should 
good ones yield 
may pe employed yielding les 


coal, see below under sulphur, 
Peon . 


yield given by 


Ssulphurous organic eompounds 


aes +4 
OF Uueer Sy 


CS 
© 
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iY Class CoOals ought AOD run 
fo, but the location mav make a 
and 


Steam 

;. a 2as 

ter the bet- 
yield at least 

12000- Hlsewhere 

Ss. At the same time sulohur 

is severe. {It depends largely on 

A good 


coals are ee for 


matter, the more coke 
the more volatile ma: 


Ce o 


i 
LO, Ve Y22 


veol. Of OF] 


If steanming, -Th COkKine’ in the 
crucible experiment will not 


all purooses it 2S present if 
s(often called free sulphur), py- 
jlpnate the important feature 
the general impression all the 

as Was Show by Wormiey im 1870. 
the percentage of sulpnuy in the 
Ori gral” Coal Due Lor praeaures 1 
mparée analyses 17 and 18 an table 
calcium sulphate holds ite sul 
are developed in the references 


Je FP. Kimball. Relations Gf Sulphir 2h Coal and Gore. 4 Sentero foc. 
& 8. MUM’ CUreath. Penn. Geol Sure Ren. 30, 1. 123.8ee. 

RE. Muck. Chemie der Steinkonle. 66 

Je. DS Pe ose Investigation of Coals’ Tor Making Coke ete) Mey Fer. 95. 
P, ochweitzer. Univ.of Missouri Catalogue 1875. Paper on the true ecm 
posit ion of cp adbecie: 


ia Ge. WOrmicy.” Geol. Stirvey oF 
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PHOSPHORIC ACID is present in all coalwashes-but it seldom reaches 
the hundredths place of decimals and very rarely the tenths. “bt 1s “only 
Of moment in cokes used Tor Bessemer pie-(See A,S.MrCreath Repiilt.72s6. MS 
78.) 

Pe. 
THE WEATHERING OR VEATHERVASTE OF COAL. ft Has been Lone recosnized 
4 


oad i] . —— ~ + bol cF7 4 5K, oc. 7/7 > bs ae ‘ 74 7 . + 
that coals deteriorate on exposure and are even subjec 

é re ™ “y 4% ra At es , ra 2 be ts “/ : 1 -) ra oc ‘ 3) ine: ¢ 
changes are Less marked in anthracite and. splint coals 


COMDUS Ti On. The 


Ub tO. SPOn vane OuSs 


and may be almost nothi POr PeSsouaele periods, “bus Lor more yiender 
bitumincus the result is serious and may impair the coking properties. 
The evil effeets were formerly Peterned i Paves vars tol ie aurp mr con 
pourds present, especially the Spontaneous combustion ,but it is tow sen- 
erally understood aS being chierly cue to the oxidation of the carbon and 
hydrogen present ee of coursé the chanee in the sulphur compounds 
especially the sulphide of ifth 2S nO Saal) edcitional’ tactor. \.Tnese 
last named changes are carded DR Gampness; while the o-idation,.of the car- 
bon and hydrocen proceeds more rapidly in a dwy place. Pyritous coals 
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should thus be stored amid dryness, while dampness does not injure non- 
Sulphurous., The change in-pnysical properties is no less marked. The 
swelling Of the little films of sulphide of iron white ¢hancine tron sul- 
phide to sulphate or hydrous oxide is very destructive. The close parai- 
lel between all these changes and the production of smut and outcrop coal 
is close. These questions are quite fully discussed in the citations be- 
low, especially that of J. Pikimpall . 


_: —_ = —s _ =: = — os ~<- — _— — od _— _ 


os 


J» BP, Kimball. .Oxidaticn or: Weathering of Coal. oM.8. Sep t,1879. Ree=Gives 
many references. 

Alo. M'CUreath, Report M363. Milas. 

H., Muck. Chemie der Steinkohle-104.1891. Gives many references to HKuro- 
pean literature. Rec. 

ds JD, Pennock. M.#. Feb. 1895- Gives. a good illvetration on Reynoldsvilie 
Pe » Coad. 

A. BP. Rockwell. Eifect of Exposure on Coal. Amer .Jour, of Minine. Ded. 
Loh 2866. “heh. 

BA PP. Bothwell.  Adebama Coal and Iron, Mehl bL.144= £2 Wd eis. 
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FPIELD-RULES for ARRAL YEE). "Goal hands are ususliy soid by the 
cre. Et 15 weil 66 note that am acre pe 208.71 feet square; that about 
25 acres in linear order extend a mile- and that a square mile has 640 


acres, AS ¢0al ranses from about Lv25 tO 1.55 2 Specific Sravity, ween 
bituminous. near the Lower Limit, Say about 1.90, it is Sadie to Preekon as 

a good Found-number @0 Tbs. of eOal tO the cubic Foot. With 43560 ca.it. 
per acre this makes a- One Todt seam sof coal g¢oo0d Tor 6.464.G00 Ibs. or 
L742 tons. <As it cannot be all removed in mining it has become a general 
rule of thumb to reckon 100 tons of coal per acre per inch of seam, a con- 


Venient Humber that can GCasily be multipived. “ALL this assumes Filet 
seams and Pie agli may be made to the earlier remarks on available thick- 
ness of seams, variations,etc An engineer should be conservative in es- 


timates. 

SAMILING. Great judgement is necessary in the fair sampling of coal 
seams, and the endeavor should be to reproduce the character of the run 
of mine froduct that will be later developed. As earlier noted there are 
varieties of coal in each seam; there are benches, shale or slate part- 
ings, layers of mineral charcoal,etc. Different benches may have differ- 
Gnt QUaLILIGS, ah upper bony Ome beime often Lett) for a@-rocrs, om a boriom 
one for .a.floor,.. Good eoals of contracted. provertiss may be even Kept 
separate in the mining. Shale partings sufficiently large are thrown out. 
Hence a sample straight across a seam may not represent true munning con- 
ditions, and while an engineer must not select the cleanest lumps, he 
should also not include slate-seams that will be culled out. Where sam- 
ples are in the nature of drillings. from an oil rig, they should be wash-— 
ed in a basin like the gold seekers pan, to rid them of all sorts of rock 
that fall into the hole from. above: the seam.  Inm.this case 14 is very 
divficult to get a fair result- and, where possible, diamond drili cores 
are =O Le preferred.» But even these: churn up more or less, The method 
of taking a sample should be carefully noted when the analysis is given. 

Now that great numbers of analyses are becoming available, and our 
beds are being accurately correlated, the analyses are being more and 
more grouped by coal beds, especially . limited basins. Thies has many 
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afwantages on acem ns: oF the gpene al PHiformity of Seans- ane where an 
engineer can get points on an unopened tract from experience met else-_ 
“here in. thé same basin ghey are of the greatest Service, Tor it Ls GO be 
well appreciated that established repirtations count for @ great deal if 
‘he marketing of coals, and 6ften nev fields have ereat difficulties in 
making their way against prejudices. | 


dm ©» KimbaL.. Differential Sampling of Bituminous Coal oceans. 

: . UStObar 2ocS. 
The analyses in Rept. MM. 2nd Geol. Survey of Penn. are ali arranged 
by seams. The same is true of Edwards Coals and Cokes in West Vireinge= 


and the general plan 18 strongly urfed in Kimball®™s Quemahoning Coal ‘ 
Pield. ete. M. BE. XII. and Ashburner's, Classification and Composition of 


4 
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the Pennseylvania Anthracites, m. i. XIV. 706; 
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CHAPTER LLL. GENERAL GEOLOGICAL LITERATURE on COAL. 


POST-CARBONIFEROUS COALS. 


—_ —_ —_— — _ — 


LITSRAPURE of more than Local Importance. 


Daddow and Bannan. Coal Iron and Oil POGUSOW LILO OCO. 
i. BH. domes, COAL in the United States= Mineral industries. Bleventn 
Censvts, a802, $45-422. 
J. P. besiey. Menpal Ge Coal and its Doporrapny. Pniiadetpnia Leo. 
Most nigh!ly to be recommenced. 
i, Mac BParlane. Coal Réeeteons of the United Staves. NN. 2s Hero. ec. 
COG OFF arias.) 
Mineral Industry. Annual Statistical Volume or ¢he Boe tv. Gives a 
statistical and market review cf coal- Begun in 1695. 
ilineral, Resourcés of the U. S. Geol. Survey. A valuable annual review 
Sines L662 Wetn Many 1ocal cetails of geology | 
Ff. Prince dr, Ren’t on the Cosh Bxenibite ate the Centennial PeocsT ui 
" Judges Reports and Awards. Groupl. ep.50-107. Gives many analyseshec 
iy 7 Y ae > 
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Andrew Roy The Coal M 2 : 
alobe. Claveiand. d276. 
R. C. Taylor Slatistices OF Coadil= Phidadetpnias S26. hist. 


The bost-Carboniferous coals will be taken ue in the following order 
1. the Facific. Slope-fi. The Great Basin=-1il. the Colorado rilategu and 
the Rocky Mountains-iV.the Great PlainsaV.the Jure-Trias eoals or the 
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ALASKA LiL OC CR8 rata are abundantly developed along the south coast of 
AN }Laatlra MA axr 5 
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lignite beds, often of a get fo yield soon Cea 
S “any year 
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Sorted as ahthracite 1.R.1664.p.19). “lore recent 
Ss been directed to Unea Island, o2€ Of the 
ImSula. aad. tO varicus Localities 2a Usoks 
} he mid outhern Alaskan coast. At Unga- several 

ft.HOLCwe and 2 me los ‘eee are reported. A train ane bunker 
built and some minine done. On Kachemak Bay, On, tie Kenai Len 
wer ar a: side of Cooks Inlet, Other Serious Operations have been 
begun. Of analysis,-1S Siven in a preceding table. <2 6 fh. Seam Ls re- 
corded. The importance of these coals Lies im their availability for ahe 
cities cn the Pacific, especially San Franciseo and Portiand. .At present 
these markets take coal from all quarters of the globe, (Penn. England, 
Japan, Australia, Oregon, Washington and Van Couver’s ISsiand). 
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LITHRATURE. 

CGC. As Ashburner. Qn the coal at Keéllesnoo Admiralty.istiand. s,k.l1ecs '4. 
An analysis by 0. BP. Chandler gave= H.0 6.74 V.h, 67.02 {6.45.15 
Ash 14,09. This. includes 8. O,/72.Heebly COki me. opecre £245 

eS ~—=- + + Coal 1n Aleasta=- ow Sh iduce Ha. Le POO. Day « 

W. H. Dall. Review of the Tertiary Geology of Abeaska= — notes on io- 
cation and. thickness ef coal seams. Build.34 N54 G.0.25--260. On 
the Alewtian Islands recat Lally p.242- A very conten eeoloei cal 
bibl&ography accompanies this paper. 


Ce . Mo= Daveon. Geological notes on some of the Coasts and islands ef Beh- 
VInsS 262 and Vicia cy. 
kee “Oi he eikon. Viiv = 2892. VOLCaniG co, 


EH. W. HIG Ott. Our Arectie Provwinee= Chas Seribners Sense13e6— “tates 
that coal on Kadiak Island described in Rept. of a vernor of Alaska 
LEGG. PLD. e228. “LS peor, 

BP, He Knowlton. .FPossil Pierd, of Alaska. Proceu.8 Natt ssc, «7. eso 
pbOlT.- ASSP, im BU, G.eok. Vi 67S. 

Reds Moss. COal in the dretic Reeions. Proc.Roy.S0¢ Dub. Hay" 76. ocene 


Coal. of 600¢ <quadiity Atco. ts 2in toy 
He VT, Parker. . G00d, .briel-resens Accouns— 1. 8. neon, 2s 
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BRITISH. COLUMBIA. Phe importance of the coals Of Britisn Columbia, or 
more definately of Vanecuvers Island fs more than tocal. The mines tfur- 


nish What. is regarded as the best of the fusis mined on the Pacific eoast 
and ‘ship Over HALE a Million tone yearly to Californian ports. Taere ere 
twO Dasins Or. fields on Vancouvers I¢.4 a@11 situated, alone the eastern 
Side. The southern is the Nanaimo, with a town of the same name about 75 
miles north of Victoria. The nerthern 16 the CoOmax about 60 mijes peyvond 
Nanaimo. In the Nanaimo field the oldest openings are at the town of the 
same name. They were begun in 1865 and mow consist of five Shafts from 
900-700 ft. deep- one of which is on a Small island (Protection Island) 
off the coast-and needed as a means of continuing the mines out under the 
traits of Georgia, they having already penetrated two to three miles. 
Ihé cOal as Worked iS S12 ft. thick) coeing and an Gxcellenteseas coal. 
Iwo seams are mentioned by J. Richardson. Six miles north of Nanaimo an- 
other large plant is in Operation at Wellineton, which furnishes the best 
ofthe Pacifie fuels. The shafts are under 200 ft. and the seam is Gen 
feet or even moré in places, and is called the "Newcastle". A mike end 4a 
(29) 
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Heit South ws Hast Welblineton Git Coal 2 W/2-6 ft. and a smaller plant. 
In the Comax field the one company as yet Operating 1S the Union, whose 
mines are eleven miles pack from the coast. The coal as worked is 5-6 ft 
and much prized. Richardson states that 10 seams are known with a total 
7 ft ..5 in. coal. ( Jo4 "or t Ce 72) Reeent explorations with the 
diamond drill have. been made at Oyster Harbor and Tumbo Isiandfinding in 
| a re 5 oo. “Of 2O0u Coa! 

the above fields the coal lies flat as a general thing, dipping 
s6¢ and Gpward. The Stratierapnical POsition 1S upper Cretaccous 
equivalent te the Chico of California but below the’ haramie of Washineston. 


Collectively viewed the fields form a narrow trough about 1460 miles Tong 
bit separated into two parts as stated. 
On Sueen Charlottes Island-further north- and about the middle of 


1 
oF A Shey Serava aepear peer, on the drias. They 


is O contain anthracite but the seams, although somewhat 
explored, have not et proved remunerative. some uher hies PREM CES “are 
known on the mainland but only at Sumas Mountain are they altered to eoal 
and there only a twosfoot seam is reported. For coal east of tae Eeey 
Mountains in Alberta,**. under the Rotky Mountain division Later on. 
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I. Nanaimo A,5 oe f 54.7 i 

pa’, ie 7 Leo BO aoe) 48.48 Lee FZ 

of) Velie ron 4A. J2% 6 Bo xO. 

A u GPO SO 25 SO. 12 65 Oe 

5. Comax Pred 1.4% Bey ese) 64.05 GE29 

6, Queen Chariottels by oO Die OP? 65.09 Ost Bees) 

es ; " i LVS? 4.77 CB 76 S69 OFC? 

8, Sumas Mountain 4.62 Oe Oe 42.00 bean aS) 

rand &. Réported by T. W. Myers.see below. 2. Reported by J. FPloJones, sec 

below, 4. G:C, Hotimenn, 826.8, (e644 Big Bbigall 4 oe Crago (Lo (S= 

HOTT. Sos 6 and 7. B.d  Barringuon, 0.66.55 Pee o, eC. 6, WV HOMerri tt 

He, Ot. :eee. 

LEVER ATURE:. 

CG, I, Dawson, -~Géol,hxamination of thé Northern part ena eee Island 
ane SA7ECent @COeetsy Uc Giet LOGO, ie peut. Mineral Wealth of 
British Columpias/YC. G78, 1667-66 Reps 5" Rec. 

" On @ueen SS Island. Geob. Surw. Can. 1676-79 1-10 Maps 
" “On Vaerrecouver ishana 2666. LOB Avd.0. March Peoe, Tece 

Dir 2. Hecior On GEOLosy OL Vancouver - Ord Gee, AVIL. S66=485 

c, Chr. Hotfimann. Coals and Lignites of the Nérthwest Tertiary. Géol.and 
Nat..drst.Sury.Can. 26ee. A list of references to published an- 
alyses on Canadian coak will be foume 16 C26. G1 eee-co 4670. 

a. DS inea ds Recent developments in Vancouver” C.@.S, 1635-89 26S. 

J, EF. cones On Nanaimo, Wellington and Fast Wellington. MoRs: LO6e. 4268 

Mineral Coal of Vancouver's Island. N..Amer.Atheneum 11210.Feb.3'49 
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Richardson. Goal Pields of Vancouver. C.@.S. 1871-72 p.75. 18%e~%: 
buoe. Loran 74 > ee frags. 0.4654. “LE74-75. -b. G22 “Lefer 77s Peto 
' O64 Ob6en Charlottes Psieand; -O2F.8. La7r2e-7o. “pyvoo. Aned. *p. 60 
C,A.White. Review of local ee LORY Do... 8G. S2=16r. 
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VASHINGTON . The eee Sierras “er Ya 
those in the United States onthe 
“OSt Part on the ast Shore of ain, a 
the water front, along the streams 1g 
flow westward. One field, th worked, * is near tne Vaecer au 
Bellingham Bay on the norrn; Hut = comparatively small i portance tO 
day . One very important région is on the east side of tne Cascades on 

the Yakima river, a tributary of the Columbia. All the coais are 0 
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(eo age and later than those of Vancouver. The country is heavily 


‘ 
wooded, in large part deeply buried in drift, and in the Loothills and 
mountains much cut up by basaltic intrusions. To the upheavals, and 1g- 
neous rocks it seems pretty well established that the change of the LTS 
nites to wood bituminous coals is due. Even anthracite is known and , in 
the Yilkeson field, natural coke is frequent next dikes. From north tc 
south the ile Oe Ahan 9: fields are the following; Bellingham Bay,-:/hatcom Co, 
Skagit River, Skagit Co,; Raging River, Sduak Creek, »-Reveass le or Vashing 
bon, and Green River fields in Ring ©o;, whieh Is the chret precueime so 
county: the Widkeson field in Pierce Co.; the Yakitia and Venatecnec fields 
t n 
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but asSidé from this; on. the worth, the seliinenan cays -yqusx creek, and 
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Washington fields afford a Lignite coal. OF these at @resent the 1454 
cs 
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named is the chief producer from the mines at Newcastle, and Turnishes 
what is known as Seesrtle ¢6ai. One bed 101 ¢. thick, With eood root 
and flocr and a dip of 40 degrees is mined. Seven others are known, one 
with much yee, being 24 ft, Neweastic is 18 miles east of Seattle. A 
mile further are the betes river mines, On two esg0d seams of Wiiceh One 

0 Ds Ge it om ene: is now productive. Tne coal as tie ; 
if o 


same as at Neweastile 
a 


syed ae Ps + ‘ 7 4 c . 1a on * py lee! ic = pe spe ; J 
(Ss from Seattle are the Talbot and Renton mines formerly ‘yorked 
2 


but now abandoned. On Squak creek seven seams are known, five of which 

are workable. The Raging river area has six or seven of good bituminous 

coal, standing os 680 degrees and with much of the coal above the weter. 
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Both of these are of recent oot ress) The Gre 
largest mines are the Blatk Diamond, the - 
a good bDIituminous, but not Sstronely sokinge 
are worked at Black Diamond; five are mown at F 
which two are mined, One seam at these anaes rea 7 Feet, Wish of 
course much bone. The new Palmer mines reporé ec The Wilkeson 

Field is of especial importance from +o yield of coke, There are three 
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large mines, the Carbon Hiil of the Cemtral Pacitit K.-k., the sag and 
6 


>] 
Hel Pas rus. Hour beds 3 172 LQ ft. are mined At the Lirst.: 


the Sov pe % 
ten, & to 14 Ft.are known at the- second 
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z PGs OGniy™one 422° 6 1%. 26 
exploited, and one, at 4 ft. yielding a gas coal is worked at the last. 
All these coals are in great demand ye bed ‘in TRUS ton OO, 28 2 Ttcaud 

is not now mined. On the east side of the Cascades the oldest opening is 


at Roslyn near the Yakima river. A 4 ft.seam of bituminous character is 
Mined and extensively uSed on the Nor. Pac. BR. R. Two others are known. 
a) 


Further north in the Yenatchee river valley, through which pass2s the 
(34) 
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PUners RR. tWO Seams. 6 ft. and & £t. are’ reported. Sele Ture 
7 th in Okanogan, Co. seéMianthracite is recorded on Swisp creck, a 
branch of “the 7 hier 

Ene “Gipne’ ee points by water for Washington coals are Seattle 
and Tacoma. Califor nia alone in 1893 took over half a million tons . 
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Moti Oy ig. ss. ey) Ash. S. 
1. Bellingham Bay 8.39 35 <26 45.69 12.66 
2. Skagit River 52 18.68 70.24 9.59 0,952 
5m do coke 58, 3.8 86.38 8.6 0.62 
4, Newcastle .18 ASes'79 40.20 LL.8 
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Willis Bailey Report on Coals of Washington. Tenth Census. Vol.xV. 759. 
I685. Ree, With a table of anais.by FA. Go0eh,in eréeat detaik (775) 
and a paper on the conversion of lignites into fucls of high calor- 
LLLeG Powers... 7S. 

G. A. Bethune. First Ann,Rep State Geolociot 1601, Table of snares. on 7. 16 
Otherwise the booming ‘character of the book does not reco mend it . 

W. Aw Goodyear, -Coal Mines of the Western Coast. p99, 1879, 

de Hy, dones. Un Pacitine en COGS « hin bSCC. 6654" Ree 

J, ©. Newberry.  A.A.A.S. 1656 

We H, BULTHuF,. Coal Fiehds of ‘Washington Mieke! LOGE 3a4 Rec 

state of Washington Handbook Disrtibuted at the Chicago Fair Notes on 
Goal by Counties and. 4. historical sketch. 1395 

I. Hh, Watson Good Table Analyses. igh. 18874 375,866 aiLeo 11.8. 1866.55. 

OREGON there is only one field at present cpened up in Oregdén although 

coal has been reported in about two-thirds the counties in the state, 

this is at Coos Bay in the southwestern portion. It has now one active 
mine, the Newport, that ships upwards of 40-60,000 tons yearly, almost 
ait tO pan Franeiseo. The section 26 ceoal=2 T¢.,Minine Slate, 24m. coal 

i £U,.6 hw MiNiNs Slate 4 ies, OCR. Cb. mak igs oe he ae 

dips 15 deerees S17 There are various other cutcrops and abarioned 

mines On Coos Bay, for the coal is thought £60 caver several hundreds of 
square miles.Qther promising locations are at Yaquine Bay;in the Nehalem 

Valley 25 miles northwest of Portland; and in the John Day Valley in n- 

tral Oreson where three seams of 14 f¢.,.7 £0. ids bb ft. are revorted, 

the first being coking. Lack of transportation prevents their development 
ihe pater of th. Norton, below, eives 25 fullest sccouut DO Tar ,as 
known éli the Oregon coals are Eocene or, as amis locally called Vejon. 
Hee 1) Mk ge. Uae ht fica, UP oy ae 
a 

1. Coos Bay Upper Bench 15.45 Hi-385 o4.,95 8.05 2.9 

Gy HN i Lower ‘: LY ah 44.15 O26 40 6 3 bev 

i and & are quoted from Norton as below. His paper gives analyses of all 

tne cth table exposures, and additional ones will be found im. M@. 5. 
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LITERATURE. 


We &. Goodyear. Coal Mines of the Western Coast— Peye. 25. ec, Hist 
H, Lang. Review of Localities in "The Resources of Oregon". Pamphlet 

ais buted at Chicago Nair 1695. “A Bprevious Pamphlet Of Same titic 

“was LSSued if Lege. i 
Mineral Fesources, Especially 1887. 289. re 
R, Henry Norton. Notes on Coal Minine in Oreson.=M.E. 2x) 2S: le 
CALIFORNIA There are but one or two coal ftelds as yet develored of no- 
table importance in this state and the general impression for some years 
past nas been that the oldest of these is approachine exhaustion: It is 
the Monte Diablo field in Contra Costa county, nearly due east of San 
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isc0. There are two principal seams, the Clark, wT Ce ee FG 

d Et. oO 4 1/2 ft.’ (he COal is A hisyirte, rather 
rior tQ the imported codis . From 50000 to 7000 
LOSS dy Tate wears, Ls. seco like Ghat oF all 
rived, is Tejon (Hoecene), A iienite 
i Amador COUMEY, Bet SOUTH OL 
own of Tone. As mined the seam 
ness. It 18 @ lishe tienite end . 
ines. A considerable production of 
1ear Coalinga,Presno Co. The seams 
innumerable other LOcallties arc 
nave been worked in a snall way. 
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THE ROCKY MOUNTAINS, COLORADO PLATHAU AND GRNAT PLAINS. 
ALBERTA AND ASSINIBOTA, CANADA. . A vory extended and important arva of 
lignite and coal is found in the prairie and mountainous reeidn north of 
Nerth Dakota and Montana. It begins in the a of Lake Winnipeg 
along the Souris river, north of Dakota and extends He DrGaks west: fo 
the Rocky Mountains and north to the tribotarics oF the Maeckenzic., in “the 
eastern outcrops away from the regions of mountain dirihiee avail and distur- 
bance tne coal. is a Lignite,; analogous. to. the lignites: south of the dine 
but as the outlying foothills are approached it changes to ae bitumin- 
ous and even, well. up in the ranges to anthracitc. the hee xposures 
are along the Bow and.Beédiyv. nmivers! and: the coal ficid sual zoes by 
i O 


r 
c 1% 
this name t has been pronounced by @G. la. Daw a Renee sir and conser- 


P SON, 
vative observer, the most extensive and best field in Canada. The Can- 
adian Pacific railway has been the ie am agent in its development, re- 
QUuIfing Ltsell, Farge amounts of fuel and supplying an important local 
market east to Manitoba and west to the coast. The large bituminous min 
are at. Lethbridge. on a branch of the main Line IO miles from Dunmore. 
Lethbridge was called Coal. Banks inthe é6arlieér reports end the mines Aare 
SOMmMSetimes, colied. the Galt dlines. PHS Sean rume-a bastie over Ss £6. ts 
Stratigraphical position is at the base of the Pierrés formation, which 
horizon is the chief coal producer of the reszion. Other Seams Occur be- 
low in the sootanie and in the so-called : Belly river series and above in 
the Laramie. The anthracite now extensively mined is obtained in the Cas~ 
cade valley, near the station called Anthracite There are several seams 
reachine In instances 4.00 5: ihe HOrizon TS the Keoteanne:; 
H; O V. H By Gs Ash. pat. 
Ll. Lethbridge- - - = «80 58. 04 AF OF <25 LeZs 
z. Cascade Valley~- - 1.04 Spa6 Oe mu 3 2 Ged Dood 
La ©. CG, Hotiman= Prans7Roeyv Soe, Can, Vi. 80-51. Apes vse 
2. Idem. 54-55 Anals. 66.1889 
LITERATU? | 
Ge M. Davson, Tertiary hienite Pormation nears the 49th Pararier 
British North American Boundsry Com. Montreal eee 
" Canadian Naturahist Vit deb. pe74r Aa Sol Piss es aa ea ee 
Coal and Lignite of the North Vest Geol, Can. .LeSte-77 . Lie, Severed 
analyses by Hotiman=« U.Gies LOSS WM 1. 
" On the Lisnite Tertiary Formation from ‘the Souris River to the restr 
" Meridian. GvG.5. L679-60 224. Analyses By Hofimen Gs. 
" . APP«dy On Tertiary Lignite Formation from Souris Riv,vo 203th Mexr- 
dian.  Appendiz fl. Pollove the above Rep.Prog. A. 12-65 1879=80, 
"  Prelim.Rep.on Geol.of the Bow and Beliv Riw Region NW. Yertiary. with 
special ref.to the Coal Dep.Rep.Proe.Can.Geol. Surv. 1880-62 pp.Bl-23. 
" Coals and Lignite s On the Bow and Belly Rivers. C.G.S ie32-35-24 
whe! CO. LGGL-62-65,8 L.Ree, SeG also RuGvMeConneih. 2665. ec 
" Notes on the Coals and Lignites of the Canadian Northwest. Reprint 
fl. PP. Montreal 1864. 
" Rocky Mountains between latitudes 49 deg. and 50 deg.30 ménutes 
Cascade. Coal Mield,wrth tap. 126 B. 167 Be. Cle.S, eee. 
J, A. Dedge mthracite coal in the valley of the Bow river. N. W. Ter 
uiary of Caneca mmer.  GeoL. 1. 172. 
G. C. Hoffman. Anels.of.Coals & Lignites Rep. Pro og.16585.M.1-44. Hygro- 
ScOpicity or Certain Can,.Fossil Fuels. Trans. Roy.Soc.Can.V1I1I.41.1889 
W. H. Merritt. The Cascade Anthracitic Coal Fields of Rocky Mtns.Canada. 
Jed .G.5.XLIT.560- Notes on Some Coals: in’ Western Can. M.E.0c4.1889. 
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MONTANA. There LS a very Wide distribuéion ai cosi fields in _ OR Gaus Oe 
Of these, three Turn ish Over 99 % of the product anc one neariy 60 ”%. . As 
in Ganada, £6 the north, there aré lisnites underlyine the plains t0.the 
east of the mountains, and as these lines of upheaval and igneous a 
ity are approached the lienites change to toals, which 1m a few instances 
Are coking. <All the edals are Cretaceous oF early Tertiary bus iney ae 
quite varied in their seolotical position. the most productive field,the 
Great Halis Ls ae ae Gen the Dacdta. and is correlated by J. 2. New- 
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he Kooctanie of the Canadian seoloeists, but the otne: 
Laramie Ox post-Laramic (Fort Union) aes. The J1ittie-explored 
the Flatke aaa iver region are not Sharply detormined although 
ave SAid. By Weed ~6 contain Tertiary Tosesi is, 

PIELD. The coal is found in Cascade Uo. ua 
of the. Missouri thavhsetke the field its name. As the 
the Libele. “Bele Mountains and be i t 
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446 immediate tributaries Have cut threugh the coal Searing formation cx- 
posing the one large séam that is “he basis of mining. the coal has een 
lone known and was ‘utilized at Fort Benton many years ago. it i8 chiefly 
mined on BSandSoulee creek 12 miles from Great Falls and in close connect- 
ion with the Great Northern railway. The seam has a dip of 4 degrees and 
lies in an open, rolling country, with some abandoned, drift-filled water 
courses that have seriously affected the quality of the underlyius coat 

nd that fave it a bad reputation in earlier prospecting. The seam shows 
tie following section aecordines to eed, Coal 2o=26", parting B/G"; coal 
10%: parting 1"; eogl 22%: parting 6-6"; eoal zo"; 2houw, ee present the 
lowest sartifie and the underlying bencn are left in the floor OF the mine 
but as the coal is coking and of good quality it may be ripped up later. 
The middle seam is somewhat dirty and hish in ash, but the upper two are 
good clean coals. The mine is large, admirably equipped with the latest 
machinery and the output in 1695, was about a hair mi tlion 1 tons. etal 

The same coal is attacked on Belt creek and other tributariss oi the 
Missouri. in & stall way. Tho @0al tertiary really beezins in the Judith 
Lield ae r to the eastward and sweeps around to the north even to the na- 
tional boundary, but the Sand Coulee district is as yet the only serious 
roducer 
BOZEMAN FIELD. This field lies in southern central Montana along 
the line of the Northern Pacific Railroad. It and the related Cinnabar 
ficld produce the coke now made in the state. It begins on the east, a 
few miles west of Livingestoneand extends a mito Or “two west Of Timseriine 
a streten Of about 16 miles, ut the ats 1s not yet very fully propected 
The principal points of attack are at orline Gallatin County, where 
a steam ¢Oal is produced, and at Cokedal im Park Co. on.2@ Spur fron the 
main line near Livingstone up Coke Creek. Several seams are Known in the 
Rog f£ £6004 Gua liny 
1] 


zneman field, of Whienh taree are G1 
Cokedsia 4-7 ££, Of GLEear Coal is 
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45~50 deBrees. 
CINNABAR FIETD, PARK COUNTY.lices on the northern boundary of ths Yeliow- 
stone Park with exvosures both without and within the Park. The former 
in the ereat block of Hlectrice Peak alone ar worked. The Horr Coal GO. 
obtains an excellent coking coal from three workable scams, ¢ac. S-6 £f. 
The Cinnabar ficld was Garlisr called the Gardner. 
ROCKY FORK FIELD is the most castern in the southern part of ths state, 
It lies in Park County, 45 miles by rail south of the Northern Pacifick.k 
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The 6xtent of the Tield 46 but Litéeie known, bul the amount of coal 2s 
enormous, At Red Cloud woere the Rocky ork Coal Co. nas Gt ming, 12 
seams are identified, of wrien LL show over 6 2G. Of coal, Wlth a total 
of Shout 95 ft. S0me Seams are betrer Tor domestic coals, Others for 
metallurrcical work. The predvetior 2s Only secon tO thav-ol the sand 
Coulee mines. the seolosical position is Later thad the Leraie. 
OTHER FIELDS. are known in the Flathead river recion in the northyvest 
corner, which are nor yer pe oeucors tHOuUEH Certain £0 DE 1h the tucure. 
Some thousands of tons of lienite are annually obtained mear Havre an 
Choteau Co. and near Glendive in Dawson Co. The Judith basin east of 
Great Balls and the Bula Mountain. worth of Billings are importants re- 
erves. Indeed the advanes cf exploration has shown Montana to be one OF 
the riehnest coal states in the Union, 


By £0 Wi, ake Ee #6 Ash. Si. 
1.Sand Coulee. 5.98 So vise a? OS Boe 
>. Timberline. foeeldls 2ULSS TOLLS S270 Ogee 
o.CcCokedale. 
4 Cinnabar. Horr: Pak 06.89 AO. 6S 6.67 
5. nocky Pork Nose ‘Swe Al NS NS, £6.56 ee Os 
L.Wek. Weed BéM.d.=Mey 2h'OR p.548. 2, R, 1666. 6.266. 
S* 4. A.Gooch,.quoted im TLR. besoe- 
286 BUW. bu Weed. 8 celttd. May a4. * op oe 
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WM. Davis.  Reiation of the Coe. ef Montana to the Older koexs. Tench 


Census. 2V.697 . 
Eldredge. Montana Coal Fields. Tenth Census XV.7359. 
. Gooch. Analyses of Montane Coals. oe Census AV.780. 
5; He domes, Merrana coal. Hea) us Mineral lacustrics S609- 8 seams 
in Gallatin County—- 2 only 4 £0. oe worked. 
Hineral’ Resources. U. O1. Geol. survey-— All ne Volumes-both under coal 
nd coke. 
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115- 5 Analyses. 
R. Pumpelly. Bituminous Coals and Lignites of the Northwest-Tenth Census 
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tf Teo Momtanae Goel Pretis..- sacle Heh wane) 1 Sed) -—e 
i Coal Paebaswer Momrame. B, & wees -liay 14. 20 ,May 31.9. 842. 1e9S2. 
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NORTH AND SOUTH DAVOTA,. Phe L1en1 bes OF e oe ges extend fy om Montana 
eastward into North Dakota and are mined tO a consiGeravile exten: mear 
thie Norvnerm Pacrine. he 4 ba Horcvon, Stark and. Vard Po ee. they are 
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LLBGXS Lignites end only of l¢6cak use, The geological ‘age is Laramie. 
rurther north are other expestres alone the Mouse Coaliled Souris in Can- 
: 3 x ’ 4 Pe si deri 

) u 


Ad seologically connected with the Souris field of As- 
Sintooia. Udoal Hat alee beech reported in South Dakote arotmd the Black 


oe. Ve Bh Bi, Oy ASH , De 


Bly Mines, By Dea Lov? a9 61 Oo,.06 oe Oe 
{,.R.1886.251. where several other analyses are given. 
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den Br el Lee Lietamorphic: Products from the Burnin 2 
nitie Tertiary of Dakota and Mentana- Boston Soc, N.H. Jan.1e74. 
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WYOMING is one of the richest of the states possessing codal and has long 

766n a Very heavy producsyY beine of the w ee staces Second only Go 
Colorado. Increasing exploration has shown coal in almost every quarter, 
but the neaviest producers are in order- le twauer CO. Which, chie tly 
from the mines near Rock Springs,-shipped in 1693 a little over 50 % the 
total. Carbon Co. Which, Tron mines at Carbon and Hanme, produced about 
15 7”; Western Co. in which the mines at Cambria.are amone the Tatest 
Spened. but yiei¢ed 22 a Unita Co.-whose mines at Almy yielded nearly as 
much. Converse and Sheriden Counties aiso are quite laree, While the 
FEéSt are Scatterine 


ine. 
Vesten County. In the sou 


a southeastern flenks of the Black Hillis, aoe teas 
and excellent séams o¢eur in the Dakota formation, just above the Juras 
Sle. At Cambria, where they are heavily mined for the Burlineton and 
missouri -Ry Re thé.seam runs about 7 Tt, Wien some pertines. “Rs is & 
good coking coal and of great importance to the mining interests .of the 
Black. bis In Snheriden and the other counties further west, other ex~ 
posures are Known and are of prospective importance. 

Converse County, has mines near Glen Rock, Douglass and Fort Fetterman. 
pome SQ-60,000 tons are annually produced for local use and for the Fre- 


Mont, Bbikhorn & Mo.ValLley Rk. FR. 
seams are at Least edhe in numbe; 
Carbon County contains the oldest mines. They have been one of the chief 
SOUrCES OF Fel for eWe Union Pacifie Re R. Since te construction ia 
1868. The first openings at Carbon Station are now pretty well worked 
out. There are several seams but the one worked was 7 ft. The heaviest 
Shipments are now from the Hanna openings about 20 miles off the main 
line. Im one slope there are Zl Ft. of Goal of which 17 are worked, and 
in another Ghee entire seam at 321 fh. is biteo out. The Dana mines once 
thought promising are now abandoned. The Carbon Co. coals are Laramie. 
From Carbon Co., westward across the state there is an almost continuous 
line of mines, but either because their operators have been crowded out 
by the management of the U. P. R. R. or bbeause the coals are of too 
light a grade to compete with better fuels they are only worked at one or 
two important points 
oweetwater County has the largest mines of the state at or near Rock 
Springs. The product iS one of the stamdard domestic Tuéis Of the vest. 
(38) 
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here @ré seven seams known oF whien the Lower five. trom 4-12 (7. 200 of 


low Gip aré worked. Other smaller openings are situated.at Black Buttes, 
Point ‘or KROekS. and eleewhere.. Ghese ccodls as well ss those im Unita Ce. 


NX 


lie; in the Green River Basin One ef the motable coecloeical districts of 
Ce Wes ev 


Unita County. The largest workings are at Red Canon and Almy,;, north of 
Kivanston and very near the Utah line. All the workings are on one scam 
When varies from i2-27 1t. With a dip from 6713 desrees. Tne mines are 
gaseous anc the waste has to be removed on account of its tendency to 
take Tire spontaneously, some of the openings having been ruined by this 
Gause. The workines ara O@lther manaced by the Union Pacific Ro Ry Or sby 
the Central Pacitic KR, BR. Under “the mame of the Rocky ticountain Coal “and 
POR. CO. Hurt her north openings were earlier made in the Twin Creek dis- 
trict and on Hams Fork, along the Oregon Short Line R. R. bus they have 


—) 


been abando ned. seams up to 40 ft. are reported. 

Relterence should be made to the prominent part played by these coal 
Strata along the Unzon Pacifie RR. RY im the ereat ciscussiom that raced 
fifteen to thirty years aso regarding the geological age of the measures, 
whether Cretaceous or ib vena Well nigh innumerable papers were writ- 
ten by Newberry, Lesquersux, Marsh, and others, reviews of which will be 
found in the citations mentioned below under “lard and White. They are 
now gener oe résarded as belonzing at the top of the Cretaceous. 

BE © Wee ihe ie 3s Ash 
Il. Cambria, Weston Co 6. F2 59.0 £4.25 PL 66 
a, Glenroek, Converse Ce. Lovee SO 005 at. £5 5.40 
oS, arpor, Caroon Cs 7 we 55,45 48.30 8,05 
4, Hanna, i v Ge te 44.357 26.70 O,e) 
5. Rock Sprines, oweetwater Co. 6 Loe Oo < LG 54.65 o.60 
6. Alay, Urea, Co. (ae pois O4.86 48.75 Seal) 
All the analyses are by W. ©. Knight and with many more vill 
be found on p.159 of the valuable naper cited below. 


er. Kep*t of a Geological Reconnoissance aions the UP ae 

Haydens Rep. LOv72 Pp. 619. Good. Sections 

H, M. Chance. Resou®eécs Of the Black Hillis and. the Bie Morn “oun yy >. 
Me Dep U < RSE 

os. FF. Bmmons. “Gree River Basin=-40¢m Paralicl Survey, EL.9l. Ber7, 

#. V., Hayden Rep. Tor Lé72.p.i5. Gereral Resumé of Wyo.e W.w. Bopeci— 
ally sre" bl oti TES 

G. OC. Hewitt.  Codk Bieids of Syonvine= Mok. tS .p 412. 

C. King. Green River Coal Basin-40th Paralel Survey II1.451. 

WY. €. KAT ehs Coal 2 “yo. “Bull 24.e¢a¢e Expt  tariton,. 0c Yop. Loo 
PHalySes. “Kee 

iilineral Resources. The volumes year by year give good reviews. 

A. C. Peale. Rep.on the Geology of the Green River District. Haydens 
UUPVEY, EOP .o Tet, 

by Dy PYrekeets Ann.Rep.Géologist of Yywo,. 1666-1868. Cheyenne 1090. 

ib. #,. Yard. On the General Geological Relations of the coal. see 6th Ann 


Rep.Dir .U.S2G 7S 4053559 and Coie ee oil. 82 .U.8.6G.68. 

White. Geology and Physiterapey of 4 portion of aca. Cole, 

and adjacent Parts of Utah and er. Gth Anu.Rep. Dir. Use, 3.0. 682-710 
(39) 
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1 _ UTAH. The coals of Utah which lie in the Great Basin have been 
earlier ment 1oned . they are the least important and least DP OUCUECT IVS « 
he most productive field and the one which now furnishes over 35 % of 
the total lies in Emery Co. in the drainage system of the Green River 
near the headwaters of the north fork of the Price. It is on the east~ 
ern slope of the Wasatch range and finds its ovtlet to Salt bake Or fhe 
Rio Grande and Western R. R. The large Vinter Quarters mine of the 
Pleasant Valley Coal Co. is on a seam 11 ft. thick near Scofield. The 
Union Pacific Coal Co's mine is on a seam 28 ft. much broken DY Faults 
but with no partings. The Utah Central mine, 6 miles south of Scofield 
has 15 £U. 6 in. ef coal.) Ine’ Pleasant Valley Co. Sieo carricace on ope- 
rations uponia HO fe. Seam er Coking coal 2t Cast le Gate. fhese coals 
are all in the Leranve and no doubt are represented, im territory im tie 
eastern part ef Usah Wot vet opened by Padivayve- 


ipa mee Woo ee eigen Ca Ash on 
Le Winter Quarters Thine. oe DS S96 1D LORS: 6, 05 ee 
25 “Uno Pac. *Cen sine. OO rd) Blanes i SPE: 4.40 ie hao 
b&.  Vestie Gate Coal . 1266 A4,. 29 ALS OO HOS O44 
As " ' Coke. hee 2.26 Sra eu. LA Ou. OB 
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All. these analyses are from R. Forrester's paper, M. R. 1892 = 515 
es ale 
ihe literature is practically that é6arlier given Under Utah. 


COLORADO = ig one of the larzest coal producing stdies in the Un= 
Lon. IG WAS Sixth on tHe List in 1093 and the leader amons these west 
Of the iississippi. All varieties of coal are commercially, mined end 


all the coals are’ im the laramice strata excent a comparatively vain 
portant field belonging to the Dakota group in sovthwestern Colorado. 
In connseeétion With statistics the coal fields are usually divided. nto 
the Northern, or those north of Denver, including aiso Routt Co. in tie 
extreme northwest: tne Central or those on the eastern watershed be- 
tween the latitudes of Denver and Pueblo, the Southern or those south 
of Pueblo: and the Western or those west of the continental divide. Ti 
is of interest: in a topographical way, to note their distribution into 
three sroups, the eastern foothills, the parks. and the western slope. 
Moat of the coal comes from the first of these; considerable from the 
South Park, and a large and increasing yieid from the western fields. 
These three grand divisions may be subdivided on feel Struceural., <e0= 
lofical relations into minor basins or fields. | 
~ BASTERN FOOTHILLS. Sovth Platte Field. The coal areas in the 
northern central portion of the state and in the drainage area of the 
South Platte river have been grouped by Rk. C. Hills as the South Platte 
Field. The main exposures lie somewhat east of those in Wyoming, but 
are in the continuation of the same Cretaceous strata around the flanks 
of the Rocky Mountains. Bovider is the principal producing count y in 
this field and is the second of the state (663,220 tons in 1893)» Weld 
Co. on the extreme north is of local importance and El Paso. pp i 
Aranahoe and Dovglass are of decreasing moment in the order named. n 
he 1000-3200 ft. of the Laramie there are as Many as four seas 
ms in the sovthern portion, but only one at the northern end. ot 
mountains they are much ee ae stand at high angles but flat- 
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ten ou as these are left and may be available forty miles ovt in the 
prairie. Eruptive rocks are very subordinate. The coals are all lig- 
nites of high percentage in water, ranging from 15 to a3 9. Ths 1 


oe i \ seams 
are of scod thickness, rsaching 1S ff. as & maximum. Marshaid., jLouis- 
x - 7 ag ? , : 
aes Lafaystte and Bris are the chief centers in Boulder Co. and are 
the oldest coal-producing areas in the state. Platteville and taton 


further north, and Franceville, east of Colorado Springs on the south 
are trorthy of ment 20n. 
. Cancn City Field. This is a comparatively small area near Canon 

City, ana not far from the entrance to the Royal Gorge. As many as 
sixte2en seams are known but only the lowest is workable over most of 
the field, -and at the most only two others locally. The workable seams 
range vp to 5 ft. “illiamsburg, Rockvale, Coal Creek, Chandler Creek 
and Brool:side are the chief mining towns. There are no igneous Int’ rus 
sions and few faults, yet the coal has largely lost the LE p are Char] 
acter, is non-coking, and one of the standard domestic fuels of the 
state. In the neighborhood is the florence oil field and tne Local gem 
ology will be again referred to under petroleum. It is notable ray aysiie 
south of Canon City the coals become coking, but to the north, they 
lack this property. Fremont Co. was third in 1893 with 536,707 tons. 

The Raton Field. This begins about 70 miles sovth of Canon City 
with the exposures near VWalsenburg and extends with minor breaks 
throvzh Huerfano and Las Animas counties into ew Mexico. it is the 
most productive of all the fields and supplies about half the LOval Or 
the state. The zroup of mines near VYalsenburg, are located on three of 
the four known workable seams. The region is not far from the gveat e- 
ruptive center of the Spanish Peaks, and dikes are met both wa these 
mines and in the next group seven miles south at Rouse. The coal, pos- 
Sibly from their infivence begins to coke and by a very gradual tYroansi- 
tion passes to a very strongly coking coal near Trirnadad - Ivelve or 
fifteen miles sovth of Rovse, are the Victor and Berwind mines with a 
total of three good seams in several canons collectively known as the 
Road Caron district. The coals yield a good metallurgical coke. Eaves 
teen miles or so still further south is the chief product ive district 
ef the state, in the vicinity of Trinidad. Tie structural geology 1s 
that of a areat basin, which sinks from the flanks of the Sangre de 
Christo eastward and emerges asain thirty miles out on the prairies. 
In the noble butte of Fisher's Peak, near Trinidad, 2000 ft. Big WibR 
a cap of basalt, a superb section is afforded. Wheeler s Survey rears 
ago recorded 5< seams, and now more than forty are known but only et 
S are over 6 £0. The one most worked is the Lowest or Trinidad, with 
6-14 ft. The seams lie quite flat, but are much GUL UP by basaltic 
dikes that destroy the coal near them. The mining towns in the order 
of production are Sofris, Engleville, Gray Creek and Starkville. The 
chief town for coking is Ml Moro by which name the coke is usually 
mnown. The Raton field extends south into liew ltexico. | 

THRE PARKS. Both the Sovth Park and the forth Park contain coal 
but only the former has been worked as yet, the latter being too Lae 
for development although some thick seams of lignitic coal are known. 
In the Sovth Park, at Como, on the Union Pacific branch from Denver to 


Leadville, are mines on a seam AsO-=9 fi. Be sara excellent coking 
coal, but the seams dip at a high angle - 30 degrees and upward, are 
much faulted and cvt up by igneous sntrusions. The coal 1s Often. Gadus 


(41) 








ed the Lechner. 

THE WESTERN SLOPE. It is in this portion of the state that the 
newer developments have been made, and both in the northwest and sovth« 
a 


vest the results already attained are very considerable. In the nortr- 
West there is a vast area in the country of the White and Yamma rivers 
that is as yet hardly touched. This region is in close geological re~ 
lations with the Green river basin of Wyoming. The Yampa field lies a- 
long ths river of the same name and its tributaries. There are tvo or 
three seams of which one Yeathes 17 ft. as a maximum. The intrusions 
of the Elkhead mountains have served to change the coal from lignite to 
jana er and even anthracitic varieties. They await development. 
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ls, whose valvable paper cited below has been chiefly 
followed in these notes, groups all the mining districts in the vwater- 








shed of the Grand river, into the.Grand River Pieig«, Thrs therefors 
takes in the exposures as far south as Crested Butte, and really ex- 
tends unbroken westward to Pleasant Valley, Utah. Lt = the most ex- 
tensive and diversified of the Coboradoe fields for if contains all vae 
Yieties of coal of a superior quality. Along the mot eo ns there have 
t isturbances and intrusions and these have had a marked in- 


C 
been great di 
Fivence on the quality of the cdéal. . Un the north. the most: important 
Mining has been Gone near New Castie where the anticline of the <¢o- 
Galled "Great Hogback" is cut by the Grand river. Seven séams, with 2 
SOtal oF LUG) ft.~ Ge oe coal, & most extraordinary amount, are expos= 
6d. ~Oo Dhese. cong, the | Whesgter ds 46 ff.‘ another, the Allén, “is 20 “Smid 


> 
a third the E-seam is 18. Somewhat the same section appears in neigh- 
boring Zulches but with less ccal. Several of these great seams are 
only clinkers and ashes on the outcrop naving been burned by spontane- 
Ous combustion. One is “still on fire. The @ tty 18 ehierly, non 
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coking, meking the fuel good for steam and dom: ise. The ridge of 
the Hosgbatk extends to the southeast and. 16 mi Mod eY ome Lark on its 
eastern front. Both coking and domestic fuels are met, the change tak- 
ing place within & space of 3500 ft. South of Jerome Park ae Coal Ba- 


ein in Pitkin Co. and one of the most interesting and Important of 
Western coal exposures. West of the tlozback fold a lac cee has heav- 
ed up the Cretaceous strata in a g@reat dome whose middie port.icon has 
been eroded down to the soft shales of the Montana group, so that the 
laramie beds with the five workable coal seams dip away on all sides 
from the amphitheatre. The coals are low in ash and high in fixed car= 
bon, and are regarded as the best in the state. A railroad is now be- 
ing 5buait to tap them, but the country is an oS Ge rough one. 
Further south In Gunnison Co. are & Himiber of secalrterecd and bus ae 
dave loned Gistricts that yield anthracite as well as biatimninows, tne 
former having been developed by the cioser approximation ee one 
rocks. Suen ab Rafzged litn., Chair Mtn... Mount Gunnison and others. 
The séams on Anthracite creek in the Huby distriet have recent.y been 
reached by railroads. The mines at Baldwin (semicoking coal) and at 
Crested Butte, where both anthracite and coking coal Have been long 
produced mark the ile am Eee of the Grand seven cee The Crested 
Butte anthracite b be 


L 
the coke is of pe: faneous ee OX Oe: ebb 
Bests the hot waters from them have esused the change. here are two 
seams of 4-7 f£t., and a reminder of Pennsylvania in an anthracite 
breaker of 500 tons daily capacity 
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Southwest of Crested Butte and in the drainage basin of the Gunni- 
son river, between its tributaries the Uncompahgre and the Cimanon, 
lies the Tongue Mesa district with seams of local importance. 

ja Plata Field. This lies in the southwest corner of the state 
and extends into New Mexico. The good coal occurs in the Laramie but 
there are poor and thin seams in the Dakota. The most important devel- 
opments are near Durango, where four seams are known. The thickness as 
mined is seldom over 4 ft. although impure sézms may reach 20 ft. and 


by a coming together of all four of the above, there is at Carbonaria its 
the famovs 100 ft. seam - but only workable in benches of 3-5 ft. Near naa 
Durango the coals coke and are very important in connection with the ee 
local smelting interests. In several other places mines have besn o- bad 
pened and the field has additional prospective importance in connection qed 
with railways southwest across Arizona to southern California. A re~- Ute 
connoissance survey has already been made of the Grand Canon of the ee 
Colorade for a line. Hen 
Hs O 1 sr ae By ee Ash Sn peels | 
te . befayette Boulder Co. 12-0 S599 46.24 6.56 4.00. sees Boh 
2. , Canon City Predtd. 6.59 S74.60 50-52 S50 0.56 Leoes hae 
Sa. Engleville’ Raton Field. G38. rie 57S J11e5s VObo le 2or pies 
Ae. - Coke. See reference 4 below. pay 
By Come Seutn’ Park. bo 88.72 49,40 fT O. Ogos 1.905 sca 
6. New Castle. She Be eh #£6.57 “12.00 2O.go.  taed ya 
%  devome Park Coal. 77" 64,066 ° 57.24 6.36 1.018 ~----- Ad 
Se i" ‘ Coke. See below. tae 
9... GResthed Butte Coals 1. 94-° 38.72 56.80 2.08 <---46 -eece ae 
10% i co Gare. Oso °- 0.49) “8.08 12.17) “See ee” Soe iinet 
bi a u Anthracite. 0492 6.87 84.78 7.45 O26 1.445 it : 
12. Porter Mine, Durango. Tite “SS, 76 ~S6s02 6.85 0.49 Lees rae 
= By Regis Chavuvenet, Ann. Rep. Gol. state Sch. i.ines, 1859, wea iB 
: From Simpson !fine, and rather lower in moLshule Rey men sae 
9. R, ©, Hilis Mv R. 1892, 362 (Coal Creek Mine). Det 
5«  Ldem. . Vd 
re F "Saat tee zives as general average, H, 0 under ge V. i. under haat 
1: BF. G, 76.6 to 80.3: Ash 16.5 to 22.3 with average 18.7; ae 
Ann, Rep. Col. State Sch. Mines, 1889, 254. cH 
fs 2 ; {. R. T8928, S65. Hv 
5. a : eta | > i ie ‘ 264, Grand Butte Hine, Wheeler seam. tet 
+. €¢) @) Tilden, Amn. Reps oor State Sch. Mines, 1889, 166. ee, an 
2 R. Sadtler average of 15 analyses, H, 0 mostly less than an os Ne 
mostly less than 1; F. C. average 83.78, Ash average 14, Ann. he 
Rep, Col. State Sch. mines , 1889, 256. Hi 
9. ©, A. Gehrman, do. p- 191. 1 +6 gh 
10. By R, Sadtler,given as general average, do. Pp. 200. a 
11. BR. Gp Hiden th, By. Beve, sce: ‘ 
iT] i 
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Note. A most complete series of analyses is given by R. oy Se 
in M. R. 1892, pr. 362-365. They are both elementary and el ook big 
A, Rs : aye oe i 
include determinations of calorific power. Many oh hanna bes coal 
B. Potter, by A. Lakes and recite + and by J. S. Newberry, 
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Coal Mield of la Platte Co. "Coby ‘sect ton uweross Co. -. & 7% 4. June 2A e 
1898" >. eAT. 

iy BH. Crisholm. The #ik Head Anthracite Coal Field of Rowtt Co. Gol. 
Poe. Cod. “Ser. 660. Et, cee jis DA7; 

Colorado Voal Deposits, “« oh. JOUrs S6ts 162.60. Pe 255. 

i. MM. Sndlich. Coal in Trinidad Region. Hayden's Survey, 1875, 192. 

F. V. Wayden. Annual Rep. “ayden's Survey, 1869. A. J. S. larch 1868. 
40th Parallel Survey, Til. 481.- South Platte Field in 1879. 

G. GC» Hewett. The Northvestarn Col. > Coa Reston, 1.2. AVI. 375s 

KR, €. Bilis. Reanerks on the Odeurrenc€ of Coal ta the) Carboniferous 
Pormation at Asren and Glenwood Sfirangs Cols Proc. Cols. S¢a. Sos 
Eee oe Use” 

Ke Go 2 bebe. Coat fratdg of Cols Tih. NGOS 9S Eoao tis is Weer tis 
best paper published. Nearly the same is in Hadi '@ History of 
Col., and further Amplifications are promised in the future Proc. 
CGl. SEISNETIIC DOC Let 7 

C. King. Grean River Coal Basin (ere of Jess Bicut the Yampa Pieia.) 
420th VTaranited Survey, If. 4528. 

A. lakes. Ann. Reports of Cols State School of Fines. Hepecialiy 
1289, which is a quite complete description Kec. Amer. Geol. July 


1291, 7. 
Te Jo weLEOtts Om TWddle Perk .. ier! Coat i. ears, Pei O. ecw 
i tnseral Resourese of the U. S. Ali the Veltmec POSS = onward, Tha eare 


lier sories of Raymond's Reports or iin. Resources Vest of the 
Khecky (tns: contains much of Hictori¢ad interest. 
Sl sywbserrr. She Coeke of Col, Ss ai Th, Ee. S27. Prainc, 7. 2. 
CEQ « SCL. LEGI-S25 fx “8: 
A, CU, Peate. Mentions lignites on Coal Creek, Anthracite Ci. cock Cr. 
“sny analyses, Vayvden = Survey, 2874, im. D7. 
a Da 1 Otter. The Character and Conpositton of tie Dipnates of Col. 1s 
i. We OOte “ee, 
Reporius of the State Imnspeetor ef “ines. 
J. J. Stevenson. On Col. especially Trinidad Coal. Wheeler's Survey, 
Liisa ooo, 
Notes on the Coal Ficid near Canon City; Prot. Amer, Prak. oec. 
Loh, GOS« Ae. det Se Lips seer ee oe. 
P. He. Yan Diest. Remarks on the Plication of the Coal !‘easures in 
Southeastern Col o@ Re, B. Ne My Proe. Col. S@ay S065 Filer p.. oo4 
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NEW MEXICO. The territory is well supplied with coals and the 
fuels are of great importance to the transcontinental railway lines and 
to the local mining interests. The coals are Laramie so far as known, 
and are, on the north, closely Felated to those in Colorado. The most 
productive area is the Gallup field to the west near the Arizona line. 
The scutherly sxtension of the Raton field of Colorado, follows as a 
close second. he coals near Santa Fe are third, and the rest much 
smaller, a marked falling off having recently taken place in several of 
the older Pields. 

THR RASTER SLOPH. The Raton Field is in the northeastern county, 

(44 
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olfax, Jt is the ol@4St important mining distract a@lthoven the toal. 
it Santa Ee was in a small way dug, before its day. Thirty five coal 
eams ars known but, so far as reported, only one is exploited in each 
f the large mines. The productive centers are Raton and Blossburg. 
lany promising exposures are still remote from railroads. The seams as 
worked vary from 372 to 9 ft. but they have not been correlated or well 
escribed zeologically Ths coal is an excelient stcaming coal, and is 
chiefly produced in the interest of the Atchison, Topeka & Santa Pe &, 


oo © 


<a WD 


gx bon ee *N, ’ ~ 2 . by z a e 7 . 
The. Senta Pa FPietd, lies 150 miles south west and near Cerillos 
station on the Atchison system. The mines are often called the Los 
Corillos. Seventeen seams are known of which fovr are 4°25° thick, and 


fa 
workable,but in a region much disturbed by porphyry dikes. The coals 
are both coking and anthracite. New railway connections have recently 
given them a great impetus, so that the production is now about 120 ,000 
tons yearly, of which about 10,000 tons are anthracite. 

' Whe Socorro Field lies a 100 miles further sovth, and a few miles 
east of San Antonio. The mini 12. town. ie Ce arthage and the mines are 
galled the San Pedto. 4 6' geam of coking coai in a somewhat limited 
and badly faulted field was a strong producer both. of cog! end. coxce. op 
£6 1893, im Whi¢h year it ee amin ceased. 

Some small outcrops are known further south of spa one mine at 
White Oaks in Lincoln Co. a local } 


unplies: for the neig rnborhood 
but none others of moment ocecvr on the eastern slope. 


Ss 
S 
THE WESTERN SLOPE. Coal seams of some importance have been devel- 
oped im Rio Arriba Co. in the northern central portion of the Lerrit on 
ry. Thsy supply the Durango branch of the Denver & Rio Grande R. R., 
and are known as the Amargo and lMonero mines. The field is @n ext en 


ejon -of the La Plata of Colorado. 

The Gallup Field lies along the Atlantic and Pacific R. hk. near 
the Arizona line» Hight seams, of whieh three are 4 ft. or over are 
known in about 1200 ft. of strata. To.s 2 and 8 are worked. The coals 
are semibituminovs steam-coals and are extensively used by the railways 
end the inhabitants as far as the Pacific COAST -« hey make consider- 
able slack in mining and as mined suffer also from lack of good covere 

In the extreme a ee county, San Juan, there is a ar 3at 

oal ar2a, as yet hardly touched. 
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Eke.» eC. 
Mineral Resources. 1882 & 1883-84. The others throug 1695, static 
jee ack aie , 


J, J, Stevenson. 


1 olegy of Gaiisteo Creék (Santa Fa Mieid). A. J. S. 
(ei kee eee ey, 


My 


tr 


Arizona, Ihe Gallup field extends into Arizona but is not yet de- 


veloped. Other coals are known in the Deer Creek HielG, Pinal Coxe. and 
at some future day the territory will.no dovbt be a producer. 


LITURATURE : 


The Deer Creek Coal Fields, 

Ming Hesour¢es. “1864 9, 18, 

£2 Do Welcott. Deer Creek Coal Field in Arizona. Senate Doc. No. 20 
pic, he da,8. Ul. oo. Bae, 


2 
48th Cong, 2nd Sess 


Texas. There is @ wide distribution of lignites and there are one 
or two rlaces where fairly good post-carboniferous coals occur in this 
states Very Yecentiy such (described as Cretacious by J. S. Newberry 


im Frans. 1. YY. Acad. Sei, Feb. 1, 1883, %. 94) have been developed 
extensively in Presidio Co. ne fied iS called the San Carlos and a 

(or) , nf ran) : 7 s 
seam OF coking Coal from 4-6/2 ff. in two bemehes With a one foo part— 


ing has been opened. The mines are 26 miles south of the Southern Pac- 
ifie KR. R. and are planned to ship abovt:'1000 tons daily when the rail 
connec’ lons are completed. For mention of ¢€oal still farther weet. ses 


paper by H. J, Schmitz cited below. At Hagle Pass there tf] an exten 
Sion of the Mexican Laramie coals, which are mined in the Sabinas field 
but are not yet much developed in Texas. Further down the Rio Grande 


near Laredo, is the San Tomas mine, which produces a good coal, appar- 
ently an altered Hocene lignite. The seam is af 2 ft. Hocene lignites 
or brown coals are widespread elsewhere in Texas, so much so that the 
formation has‘been called the Eolignitic. They are only mined as yet 
in-the region around San Antonio, but great attention to their utiliza- 
tion has been paid by the Texas geological survey, as the refersnces 
cited below indicate. &. T. Dumble's.reports are the fullest works of 
Yeference that we have in English on the subject. . 
Texas Carboniferous coals will be taken up a little farther on. 


wt «0 Aare alles Eee Cs Ash De 
ig pean Cerios Coal. 0,97 50916 pane ae 0,32 
oe wean Tomas. ee. Dye Sle: oos 1 OO 1.5 
5s  bytle Disnite, Medina Ce. Osteo 40.62 56.47 8,40 LS 
le Ils Re 1693, 385. Average of two beénetec. 
pe He Ap F, Penrose: Ist Amn, Rep. Tex. Gedoi. Surv. 1889, 96. 
oo He I. Dumble. Rep. on Brown Coal and Lignite, 187. 


LITERATURE? 
\ L 
He To Dumble. Brown Coale & Lignates of Vemas. Tex. Gaol. survey, 
1290. Ree. A emait preli Reps Was, ig@smed in 2e91, S80 10 Lhe 
introduction ta the Svea Ann; Rep. Tex. Geol, Steve. ~ 
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Re te Hill. ilimeral Resources U. 3. 1891, 1892 and 1895, Statistical 


~ Review. Rec. 

Vo senneOys .lbisnites of Houston Co. Texas. rd Arm. Rep. Pex, Gool. 

IU VY « Ds Oo: 

Lignite in Guines, Brazos, and Robertson Co s. 4th Ann. do. 

O. Ler¢h. lLignites and their vtilization. 2nd Ann. Rep. Dex. Geol, 
PEW whe 6% ) 

Ro Ae #. Penrose. Lignites of eastern Texas. 1st Amn. Rep. Tex. Geol. 
SUrW. 94. 1080, Kec. 

Bo J. Schmitz. Geology and Iineral Resources of the Rio Grande Region 
in Uexas and Coanuida.. ti, By Sept. 2684. . On Bl Paco Go. & on 
Kagle Pass. 

De Se Weitvel. Vne oa) Pieids or Pexac. 7.0 Mee. AUS» B25, GIO, p. 
214, from the Ohio Institute Mining Engineers. 

Cs A. ‘hite. Age of Coal found in the region traversed by the Rio 
Grandes wil 7, So tlh 38. 46, 


MEXICO. But few coal areas have been developed in Mexico. The 
most important one is that which extends from Magle Pass, Texas, south 
through Piedras Negras to the Rio Sabinas and contains the mines at the 
last named point. It is called the Sabinas ficld and lies in the state 
of Coahuila. There are fovr Seams, Wit 5 ft». 8S 8 Maximym thickness. 
Ihe coal is bituminovs, coking and varices from fair to very good. 

There are othsar coals known near Z4acualtipan, Hidalgo: west of 
fuxpan, Vera Cruz; in Sonora - and several other states. The paper 
cited below from the U. 8S. Consular Reports gives a food resume of both 
Mexico and the Central and South American localities. On these latter 
One OF Evo additional papers ars cited. 


LITERATURE: 


W. H. Adams. Coals in Mexico, Santa Rosa Dist. 7". 2. tO eg ee 
Coal and Coal Consumtion in Spanish Amorica. A zood review. special 
em) 


Lonsular Reports U, S.. Dent. of Stags. 1691. Rec. 

Coal Vields of Mexico. EH. & M. J. June 9, Ve. Ba, DOs 

Coal in Vera, Crug, Reports of U. S. Consuls, 6. J42, sily 1292. oo. 
D254 

Hie Ty Vox. AnEhYaAcite in Sonose. 2. 2 5. Ete. ey «Oe, Ghee Boe Pee a 
LSe2. 


He Do. Cope. Coal near Zacualtipan, Hidalgo. Amer. Phil. Soc. Oct. LO, 
LGS5., ts, 146. 

i, S. Hauross. Notes on Coal & Iron Ores in the State of Guerpero, Tiex 
Roots oe ey woo, oo, 

de i‘ornar. Coal near Guerrero, Mex. called Anthracite Les Mondes liar. 
Soy USO e shew dw Oe tke 240.) ee. 

eanta Clara or Barranca Coal Mines of Sonora 
oul 


be Jeo Schmitz, On Sabinas Field. Geol. and Min.w Resouress of the Rio 


Grande Region in Texas and Coahuila. 1) &. Sept, 12384. Ree. 
He Gp Futtle. he Sabinas Conlriciag. He G&G 1. We Oela 27, 945 9. 590. 
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John Evans. Coals of Chiriqui, Colombia. Good accovnt in Document 
a, 9. aoe . - ALAS Con ran ¢ 
ent to President by 6. PF. Uhaée Sec. Treasory April 22, Eee. 
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seeman.s Coal in Venezuela. Reader !lo. 74, May 28, 64. A. J. S. ii. 
UAV Lt. 286. 


CN 


Coal in Bragit. weve ip heTaa pe Sei. ee ee, a 


PRLASSTC COALS. Coal seams are known in several of the long, nar~ 
row, estuary deposits of the Triassic rocks, along the Atlantic sea- 
board. TIhrey are thin on the north being seldon over an inch or two but 
it, Pennsvivania -+ near Arcola station, about 25 miles from Philadel- 
phia, 26 inches of good anthracite have been recently Ghoened (0.. C2 us. 


Carter, our, yanking inet. fue. 1894. Bo tl Jom, fo. EO, On 
1474 Nevertheless these little seams are of sriall account. The coal 
first assumes economic proportions in Virginia and North Carolina. In 


tne Tormsr state it was the first coal mined in America, and was opened 
in 1701. During the last eentury it was the main American svpply for 
the Atlantic Coast. . There are three ficlds ne, the Richmond, running 
from the James to the Appomatox rivers, and west of Richmond and Peters 
burg; the second the Dan river in northern central North Carolina, and 


os 


tne third, the Bees Piver an central Nortn Cardi! ina. 

All these Triassic strata (some are doubtless also Jurassic) are 
grouped by C. Russell as the Newark System. 

VIRGINIA. tne Richmond Vicig ig a basin 60 miles jones, 4-10 
broad, that rests directly on Archaean SPaniue, SO that the coal setu= 
alls has @ gvaenite floor in some mines. and corresponds to its inequal- 
itiess Tete has been much fauitine throughout the area and for this 
Peasen great irregularities are met. The seamg,too, are lenticular, in 
away, and no general section can be well compiled. They pinch and 
SWell, and are not to be correlated on opposite sides of the basin. 
They may reach great thickness, over 25 fsat having been recorded. 

Trap dikes, of the usual Triassic diabase often cut them and have baked 
the neighboring coal to a sort of natural Coke, Called carbonite. The 
Workings Blso are inclined to. be gaseous. The mines are chiefly locat- 
ed on th; northeastern edge of the basin, and a few others are on the 
northwestern. The coal is of a good compact, bituminous grade in the 
better Ssams, though rather high in ash and sulphur as shown by the a- 
nalysis below. Richmond and Petersburg are the chief markets and up tO 
50,000 tons yearly are produced. There is a small Triassic area = 
further west called the Farmville, with thix. > seams, not worked. 

NORTE CAROLINA. The Dan River Field is not much developed and is 
not a producer. Ths coals are thin and cut up with shales. 

the Deep River Ficld is of more importance and is today the scene 
of important operations at the Ezypt Mines, in Chatham Co. The coal 
occurs 400-500 ft. bslow the surface, and in two benches, an upper of 
about 4 ft. separated by a bed of blockband from a lower of abovt 2’. 
The coal is said to be a Sood coking coal. but ic noe 4a sulphur. 
15,000-20,000 tons have been annually produced of late: 
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l and 21 Ouoted by £. Gs Russelin Bulle 85, Us Sy G. 8. me 67> New 7 
igs an avorage of eleven analyses. , 

Owes Ne Gs “EUG ULG... Ga ai. Gomes Now. Ow eos, 
Mans OLNerSs ane. cited an refsrences below, on inspection of mien 
it Will be seen that “the Coals ars extremely variable. 
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any analyses. Sec 

also Trans. Manchester Geol. Soe.etl, S26 Brde555, MX. ©4725 See 
aso, under &. FH. Newell. 

Me Corye Lil... Mast ern. Varsinaa Coal. Bheidse = i.e Lit. 223, 

Voit. Dontaime... Notes on Meseozoie. Stratagr Va. -A.ow. S.01Tie AVE eo. 
LOS wee 

Us se HOTIb en. On Midlotaian Colliery. 9 Merge ie2346 19st e490 Fi. 
165, 1V.,3508, V. 148. Also a General Paper on Mesozoic formation 
of Vee, M.-H. Vi. 2272 -Reé.« (One the Trap Dikseele Natural cere. 
He (0. Mody See DOW On Te tbe 

Gy Jyell.». On the strectuve.& probable ase of the Coal Field of te 
James. Ra near Rachinond. %. J6 GanSasVolewss 261. 

Mineral Nesourées., 1se3. ft. 62. Many analivecs , 2685, Go S67. do. 
and a brief description. 

he We bapmond. On Natural Coke, Hs BH. El, 246. 

i+ B. Rogers. On the Relations of the New Red Sandstone of the Conn. 
Valley to the Coai=beaqring Rocks of Hastern Va. © N.C. 2ey S. 
Lie t9, [25,5 ene, Sest< Soe, Nia M, 2654. m. 12, 
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il, Be Cy. Biggs... Hotes on the Dan h.. Coal Bacinm Na Cs Cio hie 
Apres. dh, 1891. .. 446. 
J. Cs. Russell. S¢¢e under Virginia above. 
Ke Ge Totth The Deen Raver Coalfield of N, G. Ey @ 1a J. Nov. 1een 
Rec. 


So Rep oe Pevam. of Deen RR. Dist... 25th Us. Ss Congreso Zid. 
pasion, Ex. Doe, 26, 18586. 








CHAPTER FY. CARBO IP ROU COALS, 


PH CEL ODay, ue Carbon iferous strata in America are broadly di- 
VWided Tito. t 72 Tir sories, vwhich are from above downward, tre Pare 
mian, she hareh Greene proper or Pennsylvanian, and the Lower Varbon- 
iferous or Mississippian. The first of these is of small econonie im- 
portance, especially in the coal fields immediately east and West of 
the Mississippi river. The last named anky Convains coal im the ocast= 
ern states. In all the fields the chief interest Centers if the Penne 

sylvanian series, and the same is true of Furone. This shows, at-times 
important local subdivisions, ae later noted. the Goals vary snormous- 
ly, yet none can be properly describe ed @e lignite. 14 one piece ane 


another, apparently depending on ths desres $6 Wniel! whey Dave osen 
acted on by metamorphic agencies such as burial under later sediments, 
upheaval, pressure, heat, etc, We have bituminows, semi-bituminous, and 
anthracite varisties, but tre lash Warmed is practically limited to 


eastsrn Pennsylvania .- 
The productive areas in a broad way are usvally describe 

Tt, ‘the FPastarnm Ceantral- Area, 96,50% guare Miles, tn te. 4 so. 
Avles , Ind. Ty.,.and Texas. 

2, he Pastern Central Me sar, Ae 4 2K 
Weetiorm iv. 

3. The Michigan Aree, 6,790 Square miles, 17 the southern Pponineula of 
Moe clag cere toe 

4, ‘the Appalachian Avesa, (ALleg%any would bs a more accurat. 
510 square wiles, im Penn., VY. Va-., Us, sastern Nome whe 

ante) Goa aed le - 

5. he Acadian Area, 2,200 square miles, in Nova Scotia, and New Bros 
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In agian there is a small and economically vnimportant area in 
Rhode Island and Massachusetts, and coal is also reported in Cl es 
land. “hile the fistrss of square milcs arc iperveny as arrard ing 
some indication of ths relative areas, yet it is to bes anpreciat Se Laat 
net all cf eats ibook. ig economicall’ productive. The Appalachian 
arse is much the most important both in, quantity and quality, proaucy =. 
1389S, 53,967,525. toms anthracite 6l,207 ,L66 DIT nos | = Hastern 
Central is Next, prodves Lc? 25, 502 G09 bit Umi nous. the Western Cen- 
tral third. preduct 1695, 11,651,296: tie Acadian Fourth, eae TESS s 
2.556,085* and the Miehtean erea a bad ai tclt. product, 45,979 DiLomi 
nous. For the sake of comparison it may bs added, that fie Rocky Moun= 
Lae Great Plains, and Great Basin Areas combined sffrorded if Seve, 
GSO 1S COs anthracit 6, and 6,468,560 Dituminougs; tire Patrice Coast, “1 
Fie sane year, “Lo79, bes bat aminous.. exclusive of Vancouver which would 
ioarviy brane 2b up to 2,000 sie The 2P2assi¢ ao ot Vay. amc. Ha LG. 
furni shied (45.5 ppe C 7 oune ele 


rf 
total, ana et ei alone pea 
Vnhiis the above srouping is wseful es 4 
seologically somewhat open to Cr Ieee 


1cism Sig eet Ds i 
ars distinet structurally from tise to tne noriun, being cut ofr accord 
ing to R. G. Hill, by the Ouachita UpLift.. while on the ovher hand the 
astern and Western Central Areas are very losely Pelated. “Ghey Wilt 
be descrioed from Vest to Fast and in a subordinate way rrom Sovtn to 
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North, so as to work up to anthracite. 

TEXAS. The Carboniferous rocks in Texas cecur.1n 2 lone north and 

south line, broken in two by encroaching Cretaceous. he two coal 
ficlds lie in the drainage areas of the Brazos and Colorado rivers. 
The coals in the former are alone of importance at present. The seams 
as worked run 50 inches-as a maximum and afford a rather high ash, suvl- 
phurous ‘coal. Erath Co. was the most productive in 1893, yielding 245, 
77S tons. The need of Goal Pucl on Bie Failways of Texas, and tre im 
mens: distances traversed by them away from productive districts, make 
even these thin seams of great importante. 


LITFRATURE: 

Cy. A. Ashburner. -BregeossGend Piceid, Texas. EH. EB. IX. 495. HE. & MG a. 
dpiv 30, Aue. G, 16S. 

i. 2, Cuprins. the Sevutitern Border of tho Central Coal. Pield. Pexes 


O 
CoOlesurm. oot Ann. Rep. p. 266. 
Carboniferous 28". 





" Northwesternwexas. do. 2nd Ann. p. 456, Average of 2 6" over 
.. § LOO Res oF ovtercp. Carboni? . Coal. 
Moots Draka, Ry A, Thompson. Rep. on the Colorado Coal Field. Ave= 
tun PSs, tae. Geel. Sorry. 
Hie nerais Res Ourees,  18Se, S67, Kec. 
[ee ec ee Proliminary Rerort on the Coal elds of the Colorado 
River. First Ann. Rep. Texas Geol. ae n- BIS, We 20 Carb, 
" Sarboniferous Area, of Central Texag. Amer. Geol, rege. 125., 


- 
Arkansas ficld: The preéductive @rea is large: and cituated aS it 2S. on 
the line of rallways tio the sSouthvest it hes nroved extremely valuable 
and productive, having attained in 13893, 1,252,110 tons. four seams 
are known ranging from 2/2 ft. (not now worked) to 6 ft. These are in 
ord2r downward the Mayberry, te Secor (narrow), the McAlester and the 
Grady. Eryan, McAlester, Krebs, Atoka and Lehigh are the chiel towns 
from sast to southwest and all are in te Choctaw Nation in the south= 
eastern tart of the territory. The coals are semi-bituminous on the 
east and bituminous on the west. Chance places the Carboniferous sec~ 
tion At © 500-10 -000 ft. 


INDIAN THRRRITORY. The Goale occur in the western extension of tite 
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Pee Wot fois. Ash. om 
ie ‘d:itebed), Bas iim. 1/058 19.032 (RP Bees: TLD eo 0.649 
a»  MehkLesters 26 1.0 ae Dey ail Ee Our Soe me ee tt 
Se » Atoka A«6i. 39.16 AD. TA LG. O53 7 
LH. Ma Chance, as: below. 2 andes Moke oes. 261. 
LITERATUR®E: 
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. M. Chanes.. Coal Measures of the Ing. Ty. Ap Geo Vig Boe. “Seology 
of the Chectaw Cost Pield. Ms. Ee. FPebs Tego. 
Mineral Resovrcees, especially 1888, 260. 
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ARKANSAS. The coal fields of Arkansas are in two or three coun 
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ties in the western part of the state and in close geological connec- 
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tion with those just deseribed. Sebastian Co. on the Dine with Indian 
Ty. yields thé most. (448,901 €ons in 4 total of 574,765 In 1293). The 
Scams run 3+6 ft. and furnish an opon-burning, non-coking steam coal of 
high, calorific powsr, and, tow an volatrilo hydrocarbons. Furthsr cast 
the coals become semibitumimous), with very low volatile percentages, 
approaching in fact soemi-anthracite by which name they are usually de- 
scribed. Lhey extend fo writin. 75 Wiles of Bittle Rock. Cea =7 ir in 
Johnson Co. if ths chict mining tenter but in the older books ¢ghe fevers 
are mostly described as Spadra coal. 

the coals are at two @vokecical horizons. of whieh the Lower is 
cortainiy Pennsyivantan, but the wnper shove strone Periman e@frinities 
although still ¢lassed by J. PP. Smith as trtc Carbonifsrouc. The stra= 
ta have suffsred considerable metamorphism as is shown by the coal. 


co aD Vie Eh gn Ash se Ratio Sie pi. 
le Sebestian Co. 0.856 24092) YWavero 9.04) 7.624 4.95 22547 
a ° ‘: O.923 ~£O.5 77.54 4.84 PIAS T2290 “E, 29S 
dS. OQvIita Silone. | O.TSO> 12.20 16,62 Ga ETA de G2Z9 “On29 > 15S? 
4, Coal Hill. O17 10,64 FO. 12 OD S.672 Wee Leases 
1. Haekete City Shatt 2. HeEntineton’ Ss Lone. Ss Oita Slope. Fovpe,o- 
4. Coal Hill, Johnson Go. All the analyses are from Winslows report. 
feable-ot-Apakysos, py. 45, Ann. Rep. “Geos Surv, APE. 1eecu Til. 
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ds Ce Dranners “Voalfiselds of Avkansss. 2. BR. Teg, 203. Ree. 
A Final Report on Codl is in prsparation (Feb. 1695). 

i. We Simonds. Gsol. of Washimeton Co, “Ane. Kep. Ark. Geod. Sorry, 
ISSC, DV. 2. SRC1OnS thin Seame = wy Loe". 

Je PF. Smith. Avk. Coal Measures’ in thsir Pelabion to the Pacts Car= 
benrrsrovus Provinegs. “Jour, Gead.s Tl. 2e7, e924, 

fe Ningslow. Coal “in Arkansas« fi. A. Bese. 216, 

" Pyolimineary Rapport on Ark. Coal. Ficlds. “Ann. "en. Ark, Geol. 

Surv. 16280, Vols Lit. iIteec. 

Geotectonic & Physiesraphic Ceolozy of Vestarn APE, Gy So Bo Lf. 

es 


KANSAS. A eonsiderable gap intervense in the areas north er the 
Arkansas fields, before the next productive razion is met in southeast 
Kansas and southwest !'issovri, and one passes across the lines of the O- 
Zark uplift to mest the productive measvbros. They o¢tupy a2 Strin avout 
rour courtiss dsep on ths cast. The area is estimated at 77,000 Source 
Milos, arid the production reached in 1692 4 maximum of over 3,000 C00 
tons» Chsrokss and Crawford, thse two southeastern counties are the 
lo&wdscrs, yielding 3/5 the total, while Leavenworth and Usase, £o the 
nNortn wnd wast, afford most of the remainder - 22 Sears ara known but 
only 10 SPs Over 1 ft. The Cherékse Seam ts the farses. at 5-4 fo. but 
others slisewhere at 20 inches are mined by the long-wall system. Th 
coOm@i is &# good bituminous grade. 0 ¢dkes And 15 ei apport ant reel 
the pr@irie regions. The sears dip about 30-40 ft. per mize to Tite 
west, and are usvally first mined by stripping and later by shallow 
shafts. Cannel ¢oal is also produced. 
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Heroredte the state Board of Agriculture in 1 
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Ro... Ss Bailey. Composition of man. Coals. Han. Acad. Sea. 21, 46. 

Blake & Bailey, Rep. om Kansas Co-ls £6 State Board of Azeri culture 
about 1836. 

Braidwood. ©“@ail FPleids of Kanpeas. ©. Re. ess, 260. 
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Ke Hay, Geclozy and Tineral Reseurcees of 
otate board of Agriculture S95. ps S4. 

be ie Preise. Froe, Amer, Adv. oCa. FeoO, 2ily 
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cansas. Gth Biennial Rer. 
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EB. Haworth. Rep. of Kansas Acad. Soci. 1ue2, p. 7%. On Coals eacures of 
Cherokee Co. Kansas. 

Be Fe Nodes: BEivse-Biennial hep. stave Board of 2ericultture 1579. 

QO. St.John. Coal in Bastern Kansas. rd Rep. State Board of Agric. 
Shots 


EP OOOURL . hie coal measures of hissouri occupy very nearidy tre 
noreumyvestern halt of the stahe. irtevy US Om the Horthwest sade Gr the 
Ozark uplift and have a @entle dip in this direction. Ihe general 
character of the Country is that of a Father flab plateau, throvsh 
whieh the wissourl a@nd the other rivers have Ceorradeca Tierr Cchanrelte . 
but only the :1ssourl has rPsached a baseslevel. The vsval sedimentary 
strata make up the series, with a greater preponderance of mechanical 
@emposits alone the margins. Une series With & toval thickmscs oF 2900 
ft. hae bee usually divided into an Upper or Barren (1507 17t. ) es tae 
dle (S22 ££.) and a Dower (250 ft.) with most of ie coal, tm tae est 
named... The results of the late work of both the Missouri ano Towa Su 
veys lead to the View that the seams are often of quite Limited, iIndi- 
vidual extent and that correlation over a wide area is therefors impos= 
Sible. They range from one inch to & ft.<, With, an averesce as mined oF 
about 5 ft. but even 1S ins ave Mined. ALD are bitumanous and Fetrer 
high ain sulphur, both in pyrite and in fine of Ssypeum. Une most con- 
mon floor is clay, and the roof, shale. Thea seams are best developed 
and chiefly mMified’ around the border but Arthur Winslow, tecely ovale 
Geologist, thinks that the deeper coals will probably be more vegular 
in quality and distribution. Many interesting channel Tillings alike 
of Carboniferous, Pre-Glacial and Glacial age,cut the coals as mined. 
the most productive county is acon (68e8,479. tons im 1694), 6m the 
northeast, and the cdal ranges S=5 ft. The next is Bates on the sovth- 
west (409,819 in 1893), but in former years Bates was the Leader. 1% 


contains the famous Rich Hild mines on a seam 445 ft. Ihe other note 
able counties, Lafayette, Vernon, Ray, Randolph, Putnam, and Henry (all 
over 100,000 tons in 1895) are mostly distributed between the Tirst 
named » 
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im eeddition to the Coal Seams in the resularly. sivatdited Series 
there are other outlying pockets, beyond the connetted Carboniferous 
area, They lie 16 ¢avities or Sink boles.amneall tne Palezcozoic slrata 
down to the Cambrian, and may afford cross=sections up to 70 feet oF 
Goal. They ere too Limited) however £O be OF other Gham Local 1mpo0r- 
tance.A very large pocket in Cooper Co.has yielded Gonsiderabie cannel. 

A small tongue of the Hastern Central Field projects beneath st. 
Lovis and contains one seam. 


Ee 0 Wig ele me Gs Ash Se 
be Rieke tia. 2°D4 eS Pe 41.14 15.79 4.5 
Le. Ma Ren Hees 27. 
LITERATURE: 
. Le Kleinschmidt. Asphaltlagerstatten vu. Kohlenbildung. Bie oe. Poe Lee 
12S, pe 46; ps 405s 





? 
Wade Mesee, On Macon Co. lio. Trams. Sts bours “ead: SG us wee O0OR 
Ry Pumpeliy. Leon Ores « Coal Fields or 16. 872. Beports on counties 
‘yr yardous agdistants. 
P. Schveitzer. Trus Composition of Coal and the Iiethods of arriving at 
if, Stc. Catalogue on the Univ. of the State of ‘o,. LCG7L., Appen= 


dix A. Discusses a coal from near Columbia, Boone Co. 


GC. C, Swallow. On the Coal Measures of Mo. From State Geologist s 
Ren. 1955, A. J. S» ii. AAVT. Iie. Good Abstract. 


5 
A. Winslow. The Mo. Codl. Measures Bnd tite Conditions of their Deposi- 

tion. Build. Gy Se Ay» Li, LOUC ELSIE « 

t Coal Maasures of lio. [:. Re Loge, 429. Rec. 

" Pyoeliminary Report on Coal. ro. Geol, Survey, 1Sol. & fineak *e= 
port is promised. | 

t The Higginsville Sheet of the lio, Ceol. Surv. maps, an important 
part of beatayet le Co. The Bevier Sheet with descriptive letter 
press by C. H. Gordon, covers portions of !tacon, Randolph and 
Chariton Co's. in an important coal district. ©. R. Keyes suc 
ceeded Winslow as Stats Geol. 1894. 


IOWA. The liisgsovri coal fields that extend all across the north- 
ern boundary of the state, contract as they enter Iowa both from east 
and vest and terminate at an apex somevhat north of its Gentral por- 
tion. A narrow, separate strip extends up the west boundary along the 
Missouri river. he most productive districts lie along the Des Moines 
river, which cvts the area of the coal measures. ©. KR. Keyes in the 
recently issved, and valvable report cited below divides the Psnnsyiva- 
nian into tyo series, a lower mostly of mechanical, shore g@epesits , 
such as sandstones, sales and clays, and called the Des Moines stage, 
from the Des Moines river; and an upper, mostly of limestones, and 
Aline tier Meeaowes staae. Geom tlie taeseves Saee ee eee 
ehiefly in the strata of the Des Moines stage- As was remarked under 
Missouri the coal seams pinch and swell in a notable way, and do not 
extend in constant thickness over as syeat areas as in the hast. They 
cannot therefore be so closely correlated. As many as 12 segms Were | 
cut near Des Moines in SOG f+. but ai sole there was but 1o/e f Us = 
coal, while two of these thin seams swelled to minable tLheckness One) 
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one-third of a mile away. They are clearly the results of shifting 
swamp growth along a shore line. The usual thickness as mined is about 
45 fio. BOE seams are knew to Locally attein even to 20 fe. «They ere 
slightly faulted and show other characteristic small disturbantes such 
as old ehanneles, heaves... rolls, 66, Weld. Livetrated bi Kees.) tke 
chief productive county is Mahaska (1,093,530 in 1893), then follaw 
Polk (693,103), Appanoose (650,775), Monroe (648,300) and seven others 
all 250,000 or over. <All extent Appanoose are traversed by the Des 

Ss ¥Yiver oY its tmmediate tributaries. A number of smaller produc 
ays tie OFF. this. ines 

(Note. There #4 a difference of nearly A million tons of produc= 
tion in 1893 between the figures of Keyes Report (p. 525) and the Min- 
eval Kesources for 1893, p...286; Lhe figiwes ofithe former ere here 
Siven, and if. they are correct, lowe, still ovutranks Colorado. conirar, 
to a statement made earlier, under Colorado. ) 

The coals are bituminous, nonm-cokifie, and inclined to be sulpaur= 
ous; They contain considerable mineral charcoal, whieh, often Creates 
slack. Nevertheless they are valvable steam coals and have a large 
market west and north. 


: H. 0 Vg e ©. Ash S, 
1. Mahaska Co. An OU 41.69 AS. Oi. 10.59 poe, 
2. Folk Co. TeOe 40% 6 Ae ay 9 .%2 A. 25 
Se Appanoose Co. 9.70 OO, oA £7 2 et Base: Ae: 
4. Monroe Co. De IS 42.64 A494 Laoo 4.579 
tie Garey Mine, Resse. Hith, Keyes Reps 60%. 
ae Gioson Slings Des Maines. do. 50S, 
Se  Whitebresst.§ No. Lo. a. See, 
ie omoky Hollow “anes da. 507. 
LITMRATURE: 
Ge As Davis:, Coal Mininmes tm lowa EH, @ Me. ds Sep. Sth, 04, pe 222. 
C. Re Keyes. - Stratigraphy of Ta. Coal measures. Bulls G. oy fw PL. 
BSes 
' GCoalePielas of ta... Me ia 2892, 69e. 
Coat Deposite of Ia. Ta. Geol. Survey, Vol« £2. bogey “ea. 
t Coal Measures of lowa~. Hy. &@ Me Jy March: 24th. 945 pe 2670 Hares 
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Ge te White. Geol,-survey lowe, Vol Ss-i5 eeiests Be7o. 
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THE EASTERN CENTRAL FIELD. 


As already emphasized this area has no marked geological separa~ 
tion from the coalftelds just west of the Tassisstppa. 16 zs cul off 
from them largely by 6roston and is Closely Yelated both 2m character 
of coal and kinds of fo&kils. In their Southwestern portion the coal 
measures lie to the east of the Ogark uplift. and im their eastern por= 
tion they are on the western side of the Cincinnati vplift which latter 
separates them from the Appalachian field. They form a large synelinal 
trough in the valley of the Green river Kentucky, but bagewhere have 
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such gentle dips, that they can hardly be deseribed otherwise than 44 
constituting a markedly level area. 


LLLINOTS: Coal 1s found under about two-thirds of Eliindis, and 
the state is Second to Pa ennsylvania in production. GALL @he central and 
southeastern portion of the state consists of Carbotiiferpus strata, the 
others forming &@ comparatively narrow belt around them. The Pennsylva-— 
nian strata are 600-800 ff.thick onthe north and increase Go 1200-2700 
on the south. Ihe lower measures contain the best coal. “Saxteer seame 
are recognized, numbered from below upward but No. Al. and following 
are too thin to be mined. On the morth and west they are sulphurous 
and of not especially high erade, but om the Scuthwest tm the Bis teddy 
GistYiuct of Jackson Co... the quality ts exes tent em on toee bord area oF 
Indiana, it Bpproximates that of the-Indians cogis. The Goals are not 
Well adapted to making coke and t} f coke nes’ decreased. yearly 
until now it. 1s 0f no 2reat moment . | 
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The most productive COUNTY 16 2b. Clair Just opposite St. louis 
(5.133.870 tons in 1895). From this point northward toward Uhicaso is 
the series of countics that furnish the Larcest output = over five: oth 
ers in 1695 passing the million mark, Vig. Macoupin, ba Saite, Sanzamon 
Grundy and Bureau. The ¢oals aré obtained by enates S02200" . deco. 
and Subk. 1m Ube bevel prearie. 
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é © peblevihie, Sta Gide oo. O45 59.5 4.9.6 644 
Bo  #£eru., ha Saiiie. Vos LO 50 Sot le S120 4.54 
5o Barclay, Sangamon Co. 102380 Zi woo An fo eee 0 
4. Carbondale. dae¢kson Coe- 6.56 26 020 Do. oe 7240 
Se Gaps Ur... vermiliom be, Ce fe 2 Ome Dien L060 
ln Mactariane, Coal Regions America, 225, 1873; 

The remaining analyses are from M, R. 1688, 382 In each refer- 

6nce others Will be found. Unfortunately the eralyets did mot mex 


port sulpnur 
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Je V. 4. Blaney. Analyses of 
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1866: Vol. Ill. p. 574, 1868. 
i, B. Comstock. IWe FOSSi 1 Bie he ofall hive and Ghee expilottation. Ee & 
M, ds duly 8. Bi ean, 24. 
" Tne Fossil Puele or Fak, ©¢. > He & i Seor. teres Sor 277, 
Je Jonnson. On the Wiimington Ilia Udall “ieian tis 2. et ewes, 2 
L. Lesqueveux. Coal Fields of Ill. Geol. Survey ITI, I. 2084 18665 
Ae He A. H. Worthen and_ others. COMME 7, Gepioow oGeole our. bil. Vel. a. 
L6G6, Lf be. JSG G.. tvs ABO. Ne LS yGee Wile Seo 
A. H. Worthen. Fuel ‘Resources cof atie..5 ee eos re 


INDIANA, The Iblinois area runs unbroksem across see indiana line, 
So that the southwestern portion of oie Latter ae Supplied With coal. 

Fourteen seams are known, which are called [OR aay ait Soe KAN: put OC. D 
and H.-are nowhere thick enoveh CO Mine, ahd the thier attention fs siv 
en tol, J. K. and i -Uhe seame agrmined Fanze from 2 =6 to as nucn oe 
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7',. The region around Brazil, in Clay Co. affords a peculiar coal 
known as “block coal”, because it is broken by intersecting joints inte 
cubical blocks, and where stripped’ looks like. a coarse pavement. Jt is 
a non~coking, low’ ash, low sulphur coal and much prized for aren snéelt- 
Ine. Sees? -bEawes been used raW in blast furnace practice. Seams I. 
and J» afford it and have a general thitkness of 3 6" fo 4° “Whe cea 
lies in small basins, moughly speaking. Indiana coal mines and miners 
are usually classed as tne block coal and the bituminous coal 2ro0ups. 
Outside of we Co. the coal.is mostly bituminous of good srade and 
much used for steaming purposes. Some Boe is also mined. 
: The most abocaceeae éounty is Clay (1,209,705. tons in 1893)> then 
Follow Park. Vaso, Daviess. Sullivan, Vieem ion, Greene and Pike, from 
aboun. a bait a miligvon downto about .200. 0c. 

Ha, 0. We diy. a Ce Wen be wopaeit. 
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ie Bleek Costa Brage... S.50 1. 6850  55.50>° 2450 Liaaoe= 1.255 
20 Seam 1. Partie Coe. 2..9e@ 40,90 60.70 S.246 O00 ee eee 
Bis Cannel. Seam 14. Daviess. Co. 5-00 51.00 40.00 6,00 ----— www 
As. Sear wm Pula, Co; wok =~ 0,01. SSE FS” eS "eee 9 eS 
ALL these eitalvaes are arom ii. Ry £657, eee A great many are scatter- 
y 
ed’ throvugn the Peports or tT Indiane Geological Survey. 
LITERATURE: 
Ty Cox. ihonn Collett ‘aurice Lhomison &_S. Gorbr as State Geolo- 


Ee tT. Cox, John Collett, avrice Thompson «= 5. S. Gorby 
Zists have issued approximately annual reports since 1669. The 


Last issued was the both am 1394. Pre first Pourteen of these 
contain many geological descriptions of counties, « coal analyses 
- vith some general papers (such as chiefly make up the later 
ones) which are noted. below. 

Be T Cex,, Oa the Western Coal feasures and ind, toatl, “2 Ve ce 
RS ess 

lin Desguerecux. Coal-Pields of Ind« Geol. Surv. Ind. 1659-60, pub. 
1862, 275-5410 .APS6 county seolozy. 

Mineral Resour¢ged.» L687..258. 


KENTUCKY contains portions both of the Mastern Central Field and 
of the Appalachian. The latter is much the larger in square miles, but 
the former isa little the more productive. bet een the two lies the 
southern extension.of the Cincinnati Uplitt over Which the subcerbonit- 
erous roeks run unbroken from one to the other. There are 4500 square 
miles in the western field and 11,80 im the eastern. “Ene western a- 
lone Gonéerns us at this point. Broadly speaking 1% is a Larse syneli- 
nal basin, through which the Green river.flows, furmishing a navigable 
stream throvghovt the entire extent. Twelve workable coals are known 
in seams of good size. The coals are steaming coals and although great 
efforts have been made to produce a good coke in order to smelt the lo- 
cal limonites and carbonate ores, the one as yet made runs rather high 
in sulphur. The coals ovtcrop around the fringes of the basin and can 
be mined for many years above the Water line. Hopkins Co. much the 
largest producer of the state (715,809 tons in 1898 in a total $,007,= 
119) lies in the western central portion, while Ohio, i‘Uuhlenberg, Union 
and Henderson are all over 100,000. In the northeastern portion is the 
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Preckenridge cannel coel that 


te Cis Prom; Hopkins Co. 

Ze ‘ Washed. 

S> ud KR, Muhlenbers. 

is Bed. i. Unwashed Coking. 

an eae Washed. 

do ri LES? , 2626 Menvw 
LITERATURE OF WESTERN 


J. ify Alen.  Weetern ky, 


We 5. Caldwell Jr > 
Ler Journal, liay. & 1S7s 
in Buailtetin Noe. “bs 


other analyses are fi 


Coals & 
Coal and iron Ores 


Will be again referred to under cannel. 


H, 0 Vi He m.. &, Ash oe 
we. 66 s2 47,45 16.02 S51 
were 35.24 52.53 10.34. 1393 
ee 36.50 58.60 4.90 1.92 

mM, Re 2287, 662. 
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of West ern. Kz, 
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Geological Survey Reports, all with fone Te on Coal have been issved 
uncer D. D. Owen (4 vols. 1856-C1), 11. S. Shaler (1876-Iga@q, J. R 
Procter (t6®Bo~ ). Recently the economic data somewhat scatter~ 


ad in Shaler's 
Procter 


in 
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Be Silliman. 
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The Teolatad” coat 


ed th. a Garcioeor 


reports have 
IMGIViavaLlL volumes: 


Breckenridsé Cannel. A. A. 


Tieid of the southern 
50 miles radius 


Deen collected and Yeissved wooeEr 


P,._N. Moore. On Butler, Grayson, Kdmonson, end Hart Co @- ise. tHolan 
Re Gistriret.. Geo. Surv. Ky. New Teeue, D. Western Coal Wier 
1-56. 

" Mrdrie Furnace & Property Muhlenbure Co. doy 69-96; 

" Geology of Mancock Co. do, 97+ 133. Re eport on Coal Washing Part 
Lil. 2nd. s6srres VE. 2514290. 

' Geol. (Hastern Pordar of Vestern Coal Picid, Ky. Geol. Surv. gud 
series IV. part X1. 423-444, 

Cw ds Norwood. On @ Part of the Breckenridse Vannel Coal Dist. “Gear. 

survey Ian DD. 295 

" Reports of State Inspector of Mines. 

Fels -Ock Ohio Co.-° Rep, D. lo Geol. Survey New Series. Toteiot. 

WO” Grea. OF regi mn adjacent to bouisville, Paducan @ Ss, WU. Kea Ky 7 Gear 
Survey Wy. New Series, 1, 359), 

“ Reps on North & South Rurminge Raiivays of Westerr Ky. Ik, Geel. 
SuryY. 2ud serie, IVs part Vit. -eeseoce. 

Re Peter. Many ¢ analyses of coals in pep: A, perio 1. DT. ect Ji ie 
Geaole Sry. New Seriec. 

ds Re Proeter. Coal Fialde of Ry. Ma RG 


1O9S, 7 5 3 
he's. Me 


TRLD 


peninsula wovld be inelud- 


nearly central mm the peninsula. 


The series is about S00" ft. thick of soft sediments and contains but 

one irregular seam. It Has a Maximum thickness of 4 it. and averages 
less than 3.° It is mined in Jackson and Clinton Co's. but the yield is 
falling off, (*5,979?% tons in’ 1893). The toal-is"*poor and Ssulpnorous, 
the mincs are wet and the country is largely covered with Glacial Drift. 
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THE APPALACHIAN ARRA. 


Lrcadly speaking the ccal fields lie in a series of synelinal val- 
leys. from central Alabama to northern Pennsylvania. As a fene:’al 
Ching the anticlines have been eroded and lost, but this is not always 
rue cf Vest Virginia, Ohio and western Pennsylvania, for in this sec= 
tion the coal seams often ride over the anticlines. The great prepon- 
derance of soft and yielding sedirnents in the geological section shown 
on tne north has occasioned the formation of folds Without faulting, 
ae 2 in the south, the relatively thin Devonian and Carboniferous, but 
Gk and stiff Silvro-Cambrian limestones have brought about faslting. 
tt 1S inportant to emphasize the pitching e«-aracter of the s*nelinal 
Such That they Ort antime 


trousns, os YUN OU” IMPS tie Siv et the sorta. 
and pitch down deeper and deeper towards the sovth. The zeneral devel- 
opment of the drainage systems is also a vital factor in the geology. 
Hard and heavy beds as well as favlts and folds have been of great in- 
fluence in direeting streams, and saving the coal from destruction. 

{he widespread presence of a resistant conglomerate just beneath the 
chief coal bearing series has been no siiall factor in this. Our knowl- 
edge of these relations has been greatly increased by the recent work 
of Willis, Hayes, Campbell and others of the U. S. Geological Survey. 
In Alabama, Georgia and Tennessee, more or less faulting accompanies 
the folds, but in Pennsylvania almost none. It is important also to 
emphasize the great thickness of the Carboniferous sediments in Pann- 
sylvania, and their thinning both south and west. The states will be 


Laken Up: im .ordsr from south fo north. 

ALAVAMA., The coal territory of Alabama covers some 8660 square 
miles: It is separated into thres distine+t fields, which are in the 
order of size and. importante the Warrior, 7250 so. ms. of which 4955 
are basin. and 2275 plateau; the Canaba., 255 sq. ms.* end the Uoosa, 415 
sq. ms» In addition there is a fourth ovtlying plateau area, the Look- 
out Nounsain, 560 sq. ms. The Varrior lies to the West S@nd) if drained 
by a river of the same name. It is separated from the Cahaba by the 
intervening sroded, anticlinal valley in which Birmingham is situated. 
The Cahaba field then forms a long, narrow synclinal ridge, with a sec- 
ond eroded, anticlinal valley between it and the Coosa. The anticlin- 
als are unsymmetrical being overthrown by a compression acting from the 
east, and thus the prevailing dip in the syncline is sovtheast, while 
the axis of the trough is near its southeast side. The northwest flank 
is long and of relatively low dip, ees the southeast is steep and 
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short. Great faults have served to break up the regularity of the 
measures. tha total thickness 2.eaches 5000 fe. and over 50 coal «a 
have been identified, ef which -in the Warrior field as many as 9 o 
are worked, althovgh most of the coal is obtained from two. OF these 
the Pratt scam with a general average of 4'G6" affords about half the 
state's output and the Newcastle about one-quarter. The large mines 
1ié to the west and southwest of Barmingham, in Jefferson, Wadiker and 
Tuscaloosa Co's. They are mostly controlled by the Tenn. Coal and Iron 
Co. <Anproximately half the canal mined is coked for Diast-furnace uae. 
It yields a ssrviceable coke, not perhaps as good as that from the lew 
River YPetion. of W.. Var, Or Grom Mime rin. ky. of from Conmeisviiie, fa. 
but stiiah as the results shov. a Very carr. Tved. 

The. Cahaba. field 2s. chiefly, attacked 1m Sibdb. Cow at if6 southern 
end at Stontevallo. Gurnee and Blocton. - Further north at tediena ere 
other openings. The seams have different names in different regions 
but practically four furnish all the coal while seven in all have been 
opened up. 

The Coosa Pieltt is the least developed and explored of the threc. 
Lis OULPEL is At present not sreRt . 


Hs 0 Wun dt Pe, Ash . 

le Pratt Seam. Varrior Jette, 9 2250 Sikes 2S 61.60 See Oe 2 

Ds Coke G0: eter Oe. 7 0 »BGs OLeow TO. ‘LeU 

40 Newcastle seam, do. Oi. 50 200 Oe 59.6 10.92 0,64 

Bes Bloecton, Cahaba Field. 2. oe Ot. ee GO 75 PS 9 O;46 

Le Eoin WSS» roe, 

2. M'Creath & d' Invilliers. Seuthern Cokes and. Iron Ores... 1. Ge. Peb. 
Goh, Gps. Dy, 20. 

oS» he €. SCOMItEZs . Contrib. Co Geol. Ale. ta. Be oie tooo eee he 


ol. O. Wuth Anal. About. 70 analyses are Siven, in this pener. 
4, Cs A. Aghburner.,. Development... 6t¢. Ale. Goal-Pisitds...is % Jay 
LEfG. Rents Ws. bs 
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me A, Schmitz. Gontribvyi ions to the Geology of Ala. Meobe tes Cos. 





hes Obith. verecior Coal Fields, Geol. Surv..fiag 1e77-7o, 4 €ounny 
mars. 
Resources. of Varrior Region. .2 waps.» doe ~—1679-80. 
' AStileultural eetures of Alay. do... Lesisep. 
a1 Jaeasures of Alas Fs Re 1892, 295.) He¢.- Best brtet- acecunt. 
se Geologtcal Map of Ala. with explanatory chart. Ala. Geol. 
Ury. Lose... Ree, 
J» Squire. Cahaba Coal Field. Geol. Surv. Ala. 1890. . Rec. 


GYORGLIA,. The Verrier field of Alabama extends inthe ridze or 
Sand i.cuntain across the northwest corner of Georgia, and supplies two 
Seams of bituminous coking .coalL,. at the mines at Cole yCits. Dade Ce, 
The upper or Dade Seam is 3'-4' on the average, and the lower; 12’ de- 
low, called the Red Ash is abovt 4. They have been the chief product- 
ers in the past and have shipped a high ash but low sulphur coke to 
Chattanooga. After an eroded anticlinal valley to the sovtheast the 
ridge of Lookout tiountain is met, being the extension of the same from 
Alabama, Large mines began to ship in 1893 from Round l’ountain in this 
field and nearly doubled the usval output of the state. 


ice Wa eile ie Cos Ash o. 
Es Dade Seam,Cole-6 x. ---- Sed S2.69 70,5 9 0456 
2s Red Ash. ‘2 ---- 20+64 6645) 4,4] Lee 
Su» Cobey .Uiode-s C* ar, Ol a 1409 7 ee oe Ze 1D 0.67 
4. hound itn. ---- 16.08 79.10 es ORSC 


l, 2 and 4: Geol, Survey of Ga. 1895, pe 236. F4 Had Also’ 2.007. 
os Deepegin cd Inviditers. ©. Bh. #6bs. bec. 


LITERATURE: 
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Jo Wo Svnencer. Report of State Geolozict of Ga. 2095, B47. Rec.  Cori= 


tains a gsological map of northeastern Ga. 


TENNESSE. The coal measures of Tennessee lie in the Cumberland 
tableland to the west of the Tennessee river. The topography is marked 
(61) 
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and characteristic. rom south to north the Tableland is rovsnly 
speaking 60 miles across, and terminates on the east in a stesp rampart 
of ¢liffs. Im Its Southern Pportiom 16. is eyut by the Sequaiciio river 
valley into two parts and on the north it has one or two. faulted ovut= 
liers. In the vailey of the Tennessee river the early palacozole stra 
ta stand at high dips but as the tableland is approached thev flatten 
down alinost to herazontality. The coal meastres ara clagsified in 
three series. At the base is a heavy limestone, above it are found 
from 60-400 ft. of sandstones and shales capped br a hard conglomerate 
locally called the Sewanee, but the whole sevics has bean narned the 
Lookout sandstone on tise U.S. Geol. Surver sheets. THis), the “Paivsct 
Series" contains from 1-4 codl seams, of varving thickness and vesem- 
bling great flat lenses, and locally of importance. The congloinerate 
Ls the protecting cap which has really broug nt abovt the formation of 
the tableland, Unon it, toward ths east rests a@s a2 Hisher plat sau, tie 
second series, frequently with steep escarpments and forming th: so- 
v 


called "back ridges". Topographically the two merge into each other 
more of Less furchar eact . The geries Le from 250-500 ft. thier an 


capped by a heavy sandstone. As many as four seams are known. The 
second or "Sewanse"” is the principal source of Tennessee coal, and is 
found e@bout 50-60 ft. above the conplomerate. It has a Wide set ent. and 
1s extensively coked. The thivd series is thicker than either of tne 
others and reaches as much as $000 ft. It has only been preserved in 
the northeastern part of the Cumbsriland tableland where heavy faulting 


ct 


oO 


has dropped thse lower series aut of Signt. Twent wv seams occur in it. 
of which sleven are wrrkable. This region is on the whole the most 
productive of the state, and contains Anderson the leading county. e- 
yond its eastern, front’ is a dist€onnected ridge of steeply dipping beds, 
like an advanced rampart and called Waldens Ridge. THe same narie is 
applied to the ridge between the Tennessee and the Sequalchio series. 
The coal field as a whole has been called the New River Fieid by 7. 7", 
Calton, but is not to be confused with the New River of VWsest Virginia. 
On the extreme northern border and running into Kentucky is Jellico 
itn..with workable ssams, several of the upper ones being in the third 


Seriss>» 


The most productive mining regions are at the northeastern and 
southwestern portions of the area The coals in gansral are bitumin«~ 
ous, And coking, SUt The coke is not ail that ts desired for avon 
smelting and much interest is felt in the neighboring fields that af 
ford cokes of higher grade The bane Of these Southern Comic 26 Said 
to be fine, fissile.shale interbedded with them. 

Has © Ve, Be es Ash as 
1. Coal Creek, Anderson Co — wae 2O Soelu 6.93 OP 
po  ooadr, Hamilton Co —-- 28 » 90 56.69 1a --—- 
Se NJevanee, Grundy Co we af eek emer 10267 Lee 
4,.. Wena, Marion. Co. a BA eee 62% 71 9.6 Leake 
Se Average 5 Cokes v4.3 1, 8 Sep U4 14.54 1.9 
ft and 4. th RR, 1688, 5366. 5.Cokes used at Chattanooza.!cOreath 

and ad invillieree! Meohe Feb. 2ee7 
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Pive? « Sac; sop/ of ths Stats Dursau of Apric. A. J, Ss 123, 23. 
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eCrosth gud d Inyiliisrvs. Southsen Cokoe aud Iran Ores. 1, Bs #sb. 
sere 

dol De Porter. Tha Jron: Ores and Coals of Ala. Gas “and Tamm. 7. Boy 2% 
170: 

Je ig SRT TOrd. Coal, Pisids of Penn. 2. Be 2G92, 477. 2o0.. Fine se 
CMe DSS Short Account. 

" Gsclogy of Tenn. 

bs Willis. Machanies of Appelachian Fountain Structvrs,. -155n: isp, Rep 

Diver Us Se Geol. Sprver. 


| oc coal fields extend northward into 

eastern Kentucky and expand in the a whith sprsads sastward into 
“est Virginia and Virginia and northward into Ohic and Pennsylvania. in 
hentusky the seosyncline with ths Uhio Pisids on the fest Flank, ths 

st Va..Penn. Ficlds on ths #ast and. .the Ohio river in. tne trong be 
Sins to bo im svidaneée. AS earlisY® steted the sasctsrn hevtucky Ticid 
has somes 11,ji60 squars fiilss,. @nd is a Yrieh reer eee rs vWhith Hes 04 
as yot besrm much minsd. Tha Leading <ountics Gre Whitley | 6liito 
Coals) Laurol and Knox in the southeast corner, ane Bord and Uarter, in 
the Hanging Rock re#ion along the Ohio river on the northeast, The 
Lorritory in between largsliy remains for the fulvre. in the southcast] 
ern counties along the Wie eas lines there ara coking coals of exéep= 
flenal sxésliencée and Thought to bs @ promising fusl supmie born rot 
the Tennessee and Alabama furnaces and for Chicago and vicinity. The 
principal scam, called the Biknorn., 1s tTAaousnt to correspond to tho Im- 
boden of Virginia. A grsat abundance of cannel coal has also b3en 
found in this Kentucky field AS Well, and. of a1) varucties of coats 
sight or ten workable seams have been identified. 


BASTERW KENTUCKY TRS Tanness 
ra zy 


H. O Vig ke Be Vis Ash oe SPs eke 
le elliée Seam 2 00 33.70 61.90 5 £0 0.796 — 
2. Flkhcern Seam. 3.26 52.04 ~ il.60 2,90 0.656 ciao ae 
3 ft Coke. 1 20 0.60 94.14 4.66 0.906 ----- 
4A. Coal “6 Bove. Ce. 2570 36.70 52.60 S.00 Pe 7d 1.315 


le. Procter tines, Whitley Co. Crandall on Whitley Co. as below p.29. 
2. Holtomb’s Coal, Ky. River. Crandall on Pound Gap as below ps 24. 
os tied Brook, Coke d at Connelsville. Idem. 
4, Horuge Branch. Geol, sury. Ky. Rep. ©. Be 2E. 
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Ne Peter. Analyses of Ky, Coals. “Geol. Surver Ky, J. KR, Procter Pi- 
peétor..Rep. A. 2, esd. Various. eharvces;- il. Van -ecat tered 
anais~ ,6€Geice. Teble om ne 2oe2. 

" Gecl. Survey Ky.o2. New SeFies, General Comparison Ki.5c otnier 

Gog len AIG 13: 

Js Xs Procter. Resourees, of North Comberland Vetticr. Er. Geol. Stree 
1TsE0. 

Ns Se. Obader. State Geol. Reports by Various assistants on the Hastern 
Coal. df ieid.. la. Geol. Surver. Reps. ost. Hec. 

py 9 LOUS, ASSistants on the Westerma Coal Prelid.: dos. dos 

& Rockeastle Co's. Ky. Geol 


"= Reports ps 
Reps D. Kee. 

Geol. Gf Barts of 

he Tradassic coals of Yar- 


Nn 
£ Wo O < wh si c igi 


Le 


&. MM. Sullivan. 
DUry. Leo... 
VIRGINIA. . Mention was nda earlier of + 
C1 southwest por* ion of the state there are three areas 
are mear the base of the strata 
a in Pulaski, Wythe, and 
fae’ 


FINAL 2 
of Carboniferous coals. 
belonging to this @76. .The mors Gasteriy ites 
Montgomery counties, and furnishes the oldest coal mined anywhere in 
Amerie@a. It Gomes in the Virginian equivalent ef the Pogomc or Vesper= 
tine sandstone of Pennsylvania, at the base or the Lower Carbonriesrouc. 
being of high ash percentage are only 
especially in the Zine works and salt blocks. 


~ 


The Goals are im thick seams but 
mined for local use, 

They lie in the section of the state known as Appalachia and have been 
formed by an sasterly extension of tne scdiment-depositing waters cf 
the Vespertine times, as has been shown by R. Campbell in a neat 
and not BY overthnrice 


piece of gcological work, 
The Altoona mines are the best known. 
The coal fields further wést sunpiv some of the best 


carlier supposed. 
The lorfolk and Western railway has given 


Semibituminovs. 

GCOal and. coke of the Kast. 

the northern or Flat Top field of Tazewell Co. an outlet and under the 
fname of Pocdnontas coal: it ie Gone Gk The enter fuels of trencavlantie 


MM 
- Le. 


faulting as had been 
tie coed is 
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steamers all along the coast. Seven coal seams are known of which the 
Pocahontas or No. &, Bt 5 ft. and upward. 1s most mined. The Coals are 
low in vVolitile matter and, are all contained, in the Pottsvilic or Great 
Conglomerate series of Pennsylvania and are therefore lower than the 
coals further north, Sovtn of the Fiat Top field is the Bis Stone Can 
fiel@ in Wise, Stort and, bee Count les, tbut e¢hierly productive Im fie 
first named. This has been-but.-.recently opened, yet it 1s manifestly a 
most important-one for the future. Both the Conzlomerate measures and 
the Lower Productive of the Pennsylvania section are present and con- 
tain coals higher in volitile matter than those of the Flat Top field. 
Len workable Geams 6 fis and. over have been recorded. of whieh the faq 
boden 1S one of the best. known. this facid extends inte Kentucky and 
the Flat Top fretd, if should be stated, runs inte Vest Viresimia and 
the latter is: south of the New River fiseids Thig Section Of. country gs 
undoubtedly to be a great coke-producer in the future. 


H, O Vea Bg. Ot Ash is 
1. Altoona Mines. OL 28 9.46 49,35 OF ead Ta tkeZ 
Se, Vom’ s Creek, 1.25 41.65 TS SO), 13.56 0.55 
Se Pocahontas. O69 £3.33 74.07 Bigs OO 0.76 
1 : Coke. 04/20 Oh.259 pei: 6..05 0.68 
5; Loomer Creek: Ve AO) SO woo Dos oO ber OF Ta. 
6a Big’ Stone. Gap Coke: —--- 9 =--=-- = 92.29 orn e ss, Opa es 
le £¢ 20) MEbPeath.  TMimereicVealte er Va. *tau5 
Qe do. p.- 130. The samples represent the extremes of the Pocono 
Goals. 
Oe a@O% €Oe' AvVerass Of. LO. samples. "p. 229 
4e @06. .New River = Cripple. Creek Region. pe 15S — Sa te 
5. Big Stone Gap F’d. Imboden Seam. J.°M. Hodge as cited belo. heer 4. i. 
Gel hears ly: 
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The @eological relations of these three are so closely coniscted, 
and are so important that a few introductory seneralitices are advis- 
able. lTosgether they make uD A Beosyncline Whose trauzgh is Mot sar 1re6n 
thie Ohio river. Ihe highest measures form the surtace Qlones tae axis 
of the trough but die out- east and west from it. amd ere succecded oY 
the lower measures. tn, Ohno, on the west Plank, tos dip is very ens 
CLS cota US SCarcely a Minor Sntielane Wortley tie mame, Ge a favre or 
any disturbance, bet on the sast flank, entielines; ¢2 es and broad at 
First ere swecseedsa be more And Mora DPrancuNced Ces, Unt tm Contra 
and castsrn esntral Pemunsylvania, their Crests are ee eane down 
throush the Carboniferous rocks, end the coak ssams ramain.as isolated, 
synclinal basins on tie. tens of intervening ridgzes. Fimaily an the an 
thracite basins the synclinal remnants are sharply compressed. wtrati= 
sranhically there is tha Sup, or Dover Carboniferous, oy best cadtod 
the Mississivnian series, below: the Carboniferous or MPennevivanian 1% 
the middle (with almost all the productive seams)> and tae Permian, of 
slight importance, above. 

the Hississitpian series is divided into 
(1) The Pocono or Vespertine sandstone, Ho. X of Rogers, ths horizon 

Of the OvUt lying. Virsinia fos ks 
(9) The Mountain birestone and the lauch Chunk or Unpral red shale, 

Wo. “AL of Rogers. ey 

ine Pennsylvanian series inceludées., 

(3) The Pottsville, Great or Seral conglomerate or Jew iver series, 

Ne. LL of Ropers: 

(4) The Lowsr Productive Measures of Alleshany River series, i105 “EE 

Of hosers: 

(5) THe Lover Barren Jieasures. No. CIV of Rogers: 
(6). The Uppsr Productive Measvuies or lionongahela River series, Tex XV 
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Le OG» White, ta whom due the naming of the several sevies after 
prominent streams thet cut them, divides (5) into @ lover fora TS a 
vine deposits, the Elk River series, and an upper of ea water den 
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ottsville Conglomerate, the Lower ieee Ower Pearren, 
3 rodvuepive and Upper Barren series, But tic peci if oe "Pro-= 

ctive" in EMis cConnechion hes had less Siohit canes since the Re is 
i nN 
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he horizon of the Pottsville Conglomerate have been opened in Vir- 
A Anasvaest Vaireint a. The eharactersof the faunas and floras furs 
Hisn the Basie oF White’ S groupings. the names of individual seans, as 
used in Pennsylvania have pe. into the néliszhnboring states wherever 
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tnere ars eight = he Brookville, the Clarion, the lover, |igdie end 
Upper wat tanning, the Lower, Uliddle and TeEae HYeeport., Harel six are 
worka 6, Ut eG a@ general rule. only Ome or fyo if a given dictries. 
The ik Productive lieasures are thickest in Veat Virginia, and thinn= 
est in Ohio. The Freeport sears are the most sought. The Lower Darren 
l.easures have a few extremely variable seams which are only locally cf 
value. At the base of these es: ures 18 an important datum-sandstone, 
Called the Mahnonins. and eee Pattsburg .coal seam marks their wpper lim 
it. Ihe Upper Productive Measures contain six seams which are only met 
in the Central portion of the area, and oF Which onlw Four are Drodutt= 
ive over a Wide extent. From below upward they are the Pittebies, tie 
Redstons, the Sewickley, the Uniontown, the Little Wavrnesburs and the 
Waynesbure. The first naited Supplics the Commeligvilie Goks and Gs the 
most important single seam of all. The Uoaer Barren lieasures have but 
Ons seam worthy of mentiony the Washington. Eh 

3s 


cD 
G2 
(D OW 


62) 
eee) 


t 
t 


ams have other lo-= 
n print even these 
Glgved « 


Cc 
aa 
ae | 
3 
4, 
) 
(D 
ry 
s, 


tC 
O ons 

Gal Names in all thse of tine 
local nares & e 


p— 
ig 
Cat 
CD 
Q, ct 
elas 
(oh 
By 
Gh 
Eye 
8) 
2) 
a 
4) 
{2 
Coe 
@) 
<i 
M 
aD 


WEST VIRGINIA dies mostly on the sastern flank of the ge0synelins. 
[oS is par excellence, fee eoal state of the Drier: 10" 46. 005 of 66 
counties contain coal, and at present 17 are active producers making 
th? State tas fourth on the 2ist,. The most productive Section <=lies a= 
Long tie hanawhe. river. and. ite oiper Sripveary iis neve Ebe Coal is 
obtained from the seams of the Lower Productive and Conglomerate leas- 
es and they furnish about one-half the state s a ion. Of 1% 
Boes down the Lanawha and Ohio in barges. Phe nest Gdistrict is the ex 
tension of the. fiat Top field.of Virginia at. the Same Hort arn Ss tha 
New Paver mines. The third distruet dies. alone the neadwatere of One 
Lonongahela river in Marion and larrison counties. .The Upper Messures 
are the producsrs.' Next follovys the. southerly extension of the Comber= 
land frela of Maryland on the extreme northeast. fhe sesame or bore eo 
Upper and Lower Productive iiedsures yiedd.the coal, Marsalis Co. in 
the "per handle! LS tiie oe remaining one of notable individual promi- 
Nence. Th te West Virginia coals are all bituminovus-and of exceptional 
purity, DUL WilHLin. this bPOad. aroun ibs, furmich allie varie: 16s... fie 
New River and Pocahontas coals are of increasing importance for coke, 
and many think this ssct ven destaned €6 be the Coke Gente chine tu 
ture. The unopened territcry furnishes @ most important reserve, 

The asphaltic coal or Grahamite is later discussed. 
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Go W. Surmers. "The Mountain State". Resources of WV. Va. Pamphlet 
distributed at Chicago Fair 1893. Contains a zo0o0d map G any sta- 
b EST. 4 Ee, 

Je D. Weeks HIk Garden and Upper Potomac Coal Fields of VY. Va. (“iner 
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Ge Se As Baltimore Meeting Dec. 1995. 
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. Stratigraphy of the Bituminous Coal Field in Pennsylva- 
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eferences under Virginia, on New River & Flat Top. All the 
Volumss of “Lineral Resources" have more or less descriptive-mat- 
ter, Many papers are in “Thea Virzimias” formerly published by —<). 
Hotchkiss, Staunton, Va. 
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Second was begun in 1369, under 
drews and Hdw. Orton aes ts. The Rep. Of Progress 1870, has im 
POrtant Fecords. Vol. I, Geoloey, Le7s. county 2cotoe 7. Voll ie 
Geolosy, 674, has & sketch of the Carbonitfercus Sveten, 57 2. Ss. 
Newberry, ci-ilSQ & much county seolozy by others. in 1882 Haw, 
Orton became State Geologist and Vol. V. Eeonomice Geolosy was is= 
sued in 1864. It has a very valuable report on coal and is recom 
Mended: pr. 1, S59, 722, Oey. Vols Vit Econ. Geolos, Bass fas 
chapters on the Pittsburs Seam in Jefferson, Belmont and Gusrnes, 
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MARYLAND. The coal area of this state is small in square miles, 
but a poyerful producer of the most famous of American steam and black- 
smith coals. It is a narrow trough that extends north into Somerset 
Co. Pa. as the Wellersburan basin and south into Vest. Vira mie es: tite 
Elk Garden and Upper Potomac fields referred. to above. This: tasim ives 
gcologically eastward of all those in Pennsylvania except the Broad Top 
and the anthracite synclines, and seems to correspond with the Jorthern 
field of the latter. Ts besin tn Maryilend as ¢alied the Conberiand or 
St» Georges. It is a narrow synclinal trough about 20 miles long, and 
rather sharply compressed. The dips are fairly steep.4Althouvugh the seams 
of the Lower Productive measures are present, and of good,thickness, 
the Pittsburg seam is so large, accessible, and of such MOOd: Guealit y. 
that it along is mined as yet. It is locally called the “14 foot" but 
on account of a bad root, only a part Of this iis taken out Snd on enor= 
mous percentage is Istt im pillars. The average vield per eere ie. but 
59000 tons, of the 15,000 or 16,000 present. The coal is semibituminous 
and as stated a standard steam coal. 
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LITERATURE: 

Geological Surveys of fd. are antiquated. Fleven sv vort reports were 
issued by de Te Bucateimand de. H. Alexander, 1834-1840. P.T, Tr- 
Son wrote two, 1660 and 18€2 of greater importance. The later 
geological work in i'd. has besn nearer the coast tan the coal 


fields. 
J. iiacfarlane. Coal Regions of America. Cyan 2s 
lane quotes Reports by J. T. Hodges and James H 
Geol. Survey. 
l-ineral Resources for 1882 
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PENNSYLVANIA, In passing into Pennsylvania the classic ground of 
Carboniferous geology in America is met. As the stYata of central Nev 
York have furnished the standard for the Palaeozoic up to the Carboni f- 
erous, so the undulating anticlines and synclines of Pennsylvania have 
proved the standards of reference for all American coal areas of Car- 
boniferous aze. The variety, excellence and accessible situation of 
Pennsylvanian coals, have all combined to make this state produce more 
than half the entire output of the country. In 1893 about 54 millions 
short tons of anthracite and about 44 millions of bituminous were ob= 
tained, 

Bituminous Basins. There are six bituminous basins with senarat- 
ing and in central Pennsylvania eroded anticlinals between. In addi- 
tion to these and distinct from them there are the ovtlvring Cumberland, 
Broad Top and the Anthracite basins further east. The separating anti- 
Clines enter Pennsylvania from = “ee Wrth@ sttike of about Ns SO £ 
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but they curve.around to about NN. /O>H. aS they dire out. Ther ere gen- 
le in the west but become more marked and bola to the eastward aad are 
sharply compressed in the southern anthracite fields. The intervening 
troughs rise to the northward on account of their southerly pitch and 
finally run out in the air. Some small minor anticlines appear between 
the main folds. The Sixth basin lies to the northwest beyond the Bra~ 
dy's Lend anticlinai; the fifth is betWeen this and the Saltzburg fold, 
that crosses the Ohio Piver just below Pittsburg: the fourth between the 
the Saltzburg and the Blairsvilie anticlanes and contains the Pittsburg 
region; the third between the Blairsville and the Chestnut Ridge and 
contains on the south the Connelsvill6 coke reszion end toward the 

north the Reynoldsville and Bilossburs districts: "the second ites be 
tween the. Chestnut BRidze.and.the hauréel Hill -anticlinals and finaliy 
disappears in the Barclay district ef Bradford Go.: the First we cons 
tained between the Laurel Hill and the Alleghany mountain, and holds 
the coals of Cambria and eastern Clearfield Co's and runs out in the 
Loyalsoek or Bernice basin to the northeast. Between these ate some 
minor rolls which have proved of greasS importance, especiall*¥ in the 
northwest in connectiomw with natural gas. The Brady's Bend, Saltzburg 
and Blairsville fade out more or less on the north but the others ex- 
tend much further. The names of thé coal seams have already been “ziven 
The Pit¢sburz seam is the chief one, as it yields the coke at Connelic- 
ville, and the famous gas eoal of Vestmoreland Co. It is a compl3x 
seam, made up of senior’ benches, as follows:= roef coals, and over- 
clay; breast-ceal (the bench mined) - parting; bearing-in coal; part- 
ing; brick coal; parting; bottom coal. These characters are preserved 
over very extended ereas. The Upper Freepo ort seam and the Lower Kit- 
tanning seam follow next in importance. The Lower Freeport seam is 
fourth and the Waynesburg fifth; the Breokville and Upper Kittanning 
are next and the others are only of Local value > It should be also 
stated that the seams of the Lower Productive Measures are offen calked 
by the Letters A to BE and. that. there e@fe Several seams in tee bover 


Barren Measures that are locally large enough to mine. The amount of 
volatile hydrocarbons decrease in the same basin @s a general thing 
from southwest to northsast;: and in diffetent basins from west to east 
~“ Q Very Important porns, zeolozically, and one on which J.4d. Steven= 
son has wisely laid great amphasis in lately discussing the origin of 
anthracite, The northeastern terminations of the larger bituminous ba- 
sins, as well as the eastern outliers are semibituminovs. A great deal 
of emphasis was formerly placed on their ¢neracters end distr: betion 
and the ganeral classification of coals has bé@en influenced by them. 
The Cumberland, Broad Top, Johnstown, Snowshoe, MeIntyre, Barclay and 
Blossburz sub-basins yield such fuel, but by the sharp lines of classi- 
fication on page 246. most of them are stili bituminous thoush Low an 
volatile matter... The Cumberland aces has already been reviewed. It 
is Of MiAoOY importance an Pennsylvania Thre Broad Top basin is a sepa- 
rate outlier in Huntingdon. Beadfora anc Bia Co's: as much as forty 
miles east of the Alleghany mountain. There are about SO square miles 
of coal measures divided into two Main end. Several minor syne lines. 7 
few acres Of the Pittsburg seam are caught by the heights but otherwise 
the Lower vroductive yield the coals which have fuel ratios from 4:5: 


[rye \ 





Pt OU eel: O Weer a. raw = : Serpe, SNe ss 

y r, les Cad 
NES rd eee hes 
| -— ‘ouiahien — <= - 


Peal ' ee mn = « . 4 = 
2fa Si 4 A ieee EE ON Bie —y, ESAS 
Ce a te er Se Se eS Peg een eaten = 





rl. 0 Vrs ieee 


Ash 


cS 


a7 


1. Washington Seam. Y.69S S915 “46266. “WOss2. ~ 297 
Ze Vayies burs " Leese S526) “49276 “Pare 225 “io 
Ss DevECKLeay u Leos Cay OU. “ASak Sr Betts ~ L254 
Hes IRE ORG 1.06 $6.59 “45.69 " 14te9 2 .or “144 
by DPartsburs mM Greene Co. 0.90 BS2.69 52465 Cole eee” <a Se 
ere ‘: : Payette Co.1.26 COeeCLL “OCs 62 Gene “Ons +s ve 
7. Upper Freeport, Cambria Co. 0.88 24.63 688.33 4.93 1.23 2.7 
oe " us Lbycomine Co. d. 17 eral Wee ig oreo =: Tete “eegee  dagou 
9. Lover ; Cleariield Con le24 Dee ree "G7 ee Be ee” ee ee 
10. Kittannines iddiea. ee | £0599 46.79 Gael desi oe ts 
ase N Lower. Oesg95 “65 ia - 72. S4 So,04 Bras eo 
12. Clarion Seams Trosa- Car be i2 ies eo ws oe LO GIS opyoe 
O45 


I Gy 


13. bBeookville Seam, Cambria Co.1.47 Ligwe "Fee é ‘ EON | 
e [he Geol. + 58 dea ai nep. ae oar pe tee 
t” | Ss 6 Ce be, 


i 
« Coe Dp. YD, 
¢  €ox 5 ee 


Favrette Co. 


CO ~J OG OF if OF 0D 
ge) 


° 
1 
« 
' 

> 


ms © 


70, Morras hum. 
M. 86, Commaugh Station. 


igs her SES. 
, (Me Ge. Bes. Brack co aa, 
¢ MUM, 45% 
¢ Metptyre sn. Me 47. 
Fe PRS ND ORS 
10% le Ma” OS, Bethe Cox 
Eby Ip Mae 679, Bread Top fiéid, Hontingsdan:. Co. 
D ... W 
i 


it at et oe 


< 


13-6 


REE TARKS, 


These analyses are selected to show the general range in com 
positions To be especially significant analyses shéuid be srovupsed by 
coal seams, and those of each seam by basins.  Inferenéces of valve 
could then be drawn about the character of the individual seam in a 
single field and about its variation from freld to field. Bust for that 
extended treatment there is no apace hers although the advan azes or 
the method may be emphasized. 
LITERATURE: 
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Cecological Surveys Wave issued the following. EH. D>. Bexers as cher 
geologist. 6 short Annual Rep. 1836-1642. Final Report 2 Vols. 
and Atlas 1C58 These last were issued by Rogers Im Edinburgh, 
Scotland and the spppression of his assistants share in the work 
was @ literary cutrage (See J. P. Lesley, Preface to Iron ianufac- 
turers Guide). The reports are valuable but much handicapped oy 
the curious figurative nomenclature. The Second Survey under J. P 
Lesley bezan in 1674, and has issued Special Reports on Countics, 
(73) 
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Annvel Reports, an Atlas, Chemical Reports, etc, and recently a 


Final Summary which has not yet reached the Carboniferovs. The : 
local reports are the principal books of reference and to be rec 
ommended . 

H, Hoefer. Kohlen vu Hisenerz - lagerstatten Nord Amerikas. Vienna. 
1o78. 
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ustter describing coal beds near Broad Top. 

Jo Masfarlane. Coal Regions of America 173. 

“ime Meade. Chemical Analyses and Description of the coal lately dis 
edvered tiear the Tinea River) Pas. As J. 58s Se Aiea. 

Iineral Resources. 1834, ». 76 contains a good review. 

Mines of the Pittsburg &« Wheeling Coal and Coke Co. E. & M, JOur, Feb. 

i $4685. VOm, 

A, Row.» The Mahoning Valley Coal Region. M. EH. IV. 163. 

Bs. de Rivere Mines “of Mineral Coal in Pa. Anns des Mines. 2S65, 409% 
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ANTHRACITE. Although the a@uthracite fields of Pennsylvania cover 
but 470 square miles, they afford over one-fourth the country's produc~ 
tion and the value of thie fourth exesededs that tor Bii the pas Leon pro= 
duced. This is due to the hot and smokeless fire that anthracite af~ 
fords, to its nearness to the sreat Centers of population, and to the 
unusual thickness and number of seams. The total cross-section of coal 
increases greetly from West to northeast as one passes from the bitumi- 
nous fields to the anthracite. OWine To Grresulavitses and distur banc 
es correlation of seams throughout the several anthracite fields, and 
even throvgnovt a single one has not been very successful, much less 
carn it be carried out between them and the bituminous fields further 
west. The Fottsville conglomerate is a trustworthy horizon, but tne 
popular sPerence of the Monmovth seam to the Upper Presport is less 
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workable. The most famous of all is the Mammoth which mav attain more 
than 100 £6. Theres are Pour Main Tiside: ana a’ Tiitm evi ivery “These 
are each more or less divided into minor basins, especially the two 
middle ones, by subordinate folds parallel with the main ones and by. 
cross«folds. he four fields are ali more or bess ¢ilosély Toidedscyn= 
clines, and only the Northern is represented to the southwest in the 
bituminous basins. The names and areas of the fields are the Southern 
or Schuylkill, 140 sq. -mitles = 4 Lone narrow one, forking to the Sopth- 
west and with a trend a little north of east; the Western ttiddle, 90 sq. 
miles, with a trend still more nsarly east, and consisting of one large 
and two or three small ovtliers; the Eastern Middle, 40 sq. miles of a- 
bout 12 more or less detached basins; the Northern or Wyoming field 200 
Sq» miles, practically in one long svncline, less crumpled than the oth- 
ers; and the Loyalsock, or Bernice or Western Northern with one princi- 
pal and several minor basins, tne latter but little developed. In the 
two middle fields the folding has been especially violent and has gone 
toi the extreme of overthrown anticlines, and inthe synelinal trousims 
to a doubling of the coal seam on itselt. Im the ease of the Mammoth 
seam this has afforded a great thickness of coal. The basins have been 
often likened in shape to spoon=bowls or warped canoes. They have also 
been much protected by the upturned edges of the heavy Pottsville con- 
zlomerate (No. XII.) that’ underlies them This cforms | notable! rides. 
back from which, after an sroded valley in the Mawughithank shales, ther 
is a second ridge of Pocono sandstone. The projecting conglomerate and 
the inner crumpled coal measures have led Macfarlane to liken them to a 
#croll ina conglomerate binding. Both Upper and Lower Productive 
Measures are present . As regards trade regions, the Western ltiddle and 
the Southern fields excent the outlying Panther Creek basin, Teurnish 
what is called Sehuy ies Coals the Panther Creek basin and the Hastern 
Middie £163d-afford Hehigh coal, and the Northern tieLd shans Vyonine 
Coale The volatile hydrocarbons run lowest in the Fastern Middle {ra- 
tio 25.53+30.35): they are somewhat greater in the Western Middle (ra- 
tio 19.87424) andthe maim portions of the Southern: (ratio 21.64-25.57 }; 
they are of medium amounts in the Northern (ratio 19.33-19.92) and 
reach the valves of trve bituminovs in the Western prongs of the South- 
ern field (4.65+12.40).4 Thesé ratios are: taken from ds Je Stevenson's 
paper, Geil ba A. “Ve 69.) im the trade: the eee are classified by gen- 
eral agreement, as follows, being ranged in the order of productiveness. 
i. Free burning White Ash. 80 “lard White jae 3. Wyoming Red Ash. 
4, Lehigh Red Ash. 5.  Siha@mokins ) 6. lykene Valley Red Asne 7. 
Schuvikil] Red Ash. S&S. Trevorton. - 9% Dorberry Red Gea. 20, Seraice 
White Ash. The Hard White Ash commands the best prices, but the free~- 
burning White Ash supplies about half the total (See C. A. Ashburner. 


M. BE. Feb. 1886, cited below). The ordinary sizes as shipped are, 

tT) + ‘ - - t ~ * = 
Broken or Grate, thro’ 4",. over 2.5"  Cheestumt ) theo | Lazo ever .75- 
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Very coarse lumps and also separated as steamboat coal, and finer 
sizes, known as"rice" and "flaxseed" are now dressed ovt. The vtiliza~ 
tion of these latter and the saving of the hugqa quantities of coal in 
the"culm", whose unsightly banks he ve impressed every traveler, has 
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been a very serious matter in Pennsrlvania, and state commissions have 
taken it up. The exhaustion of the seams themselves is also a vary se- 
rious question. It is thought that only about 40 % of the total is ob- 
tained im miming. Av OD. Ws Seitn of the Pa. Geol, Surver, estimatea in 
Loos tne Total orizivath amount atv 19,500 .000,,000 tons. OF thc 2,255 7> 
000,000 have been mined cr Left as undvailable pillars At présent raves 
of-Mmining exhaust bon Will be redthed im about 150 vears. Sut of Gource 
the order of svents will be after some years, a gradval increase in 
price, and diminution of cutput so that complete exhaustion will never 
be really attained. Nevertheless any great falling off of this incom- 
parabie housshold and steaming fuel, which goes ali over the ecountry 
east of the Rocky Mtne.; Wilk be @ Very serious Toss. Others Have Tis= 
uUrpsd on the Bame subject. 2. Wa Sheater adiowed them in 1879 2 lite of 
Ve6 wears. and KR. 2 Rothwell an 1694, estimates 70-100 seers. 

Several explanations have been advanced for the origin of Anthra- 
cits, a good reviow of which will be found in Stevenson's paper cited 
below. JThsre is no question but that the Heat Gi nelzoabering isnsous 
intrusions and perhaps attendant hot vaters are able to alter batumi- 
nous coals £0 anthracite. Such 1s Urve in VWastern Volorada as sariier 
set forth. Pennsylvania however has no igneous rocks near the anthra- 
Cite. Hs. D. Rogers As sarily @s 1645 Gonnetted the IMmicrseacea victence 
of the Folds on the east. with tne Geersass im volatile nydrocsrpons 
and referred the anthr acite Ee. ee brovght about by escaping 
steam and other vapors attendant on ae elevation and crumplings. Ue 
was forced to assume @ more or ie ataclysimie upheaval; whereas Stev- 
enson shows that the slevation has been so slow that the coal has ad- 
justed ltself without ee and even the old lines of drainage have 
not been disturbed. Tg sley in LO?’ ; explained them as due to 4 
heavier ccvering or ermian eae see: ing to raise the isogeotherns 
tO the imfsrior fie (Pres vhess (shales jivor this load, 2m the east 
as Compared With ns G, Gnd tO LOS more fractured Gharactcr, all of 
Which favored ths 2 Ox1dat16n of tie Coal. -stevenson im.ko7% and 
more LLY 1A 1893. "ed, 1% hO the difPersnce 2m tee character of 
the Oriezinal'’plant dar as eontrasted With the bituminous fTicids t0 
the southwest and oppo 9 viev that the Permian load was ever es- 
warps hefzan to spread from the 

sea, and advancing on del- 
ed before they were buried 
af hee he certain,’ 
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pecialiy threk. He bs 
eastern sides of tne 1 
bas, their accumulation 
By caretully tracins ont 
makes out a strong cass. y many pugzZlings facts = ‘on 
any other supposit i ion, and perhaps ston on err For instance in the 
loyalsoek Field there is 4 seam of anthracite above, & 6 ' lower a seam 
of bituminovs coal. In the Vespertine coals of Virginia, the Scans are 
near grsat Tavlts and are crushed and slickensidced vet they are bitumi- 
nous. Ihe Rhode Island coal whieh 1S next taken up is in e-heavily 
metamorphosed region, and is a stage beyond the Pennsvivania coal, be- 
ing more or less graphitic. 
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S. Buck Mtn. WV. M. Fad. 3.04 3.95 82.66 9.89 0.462 20.93 1.067 
Sis weven foot  ™ _ Seth wee “oOmay ie 2S C49d>° 20.50” 41.05), 
fe. Wreetien 2. 1, =i la. a7 56.05 86.40 Oren OF58> 28,07 1.620 
Se Mammoth : y eile OogOeG. Soe Se92 0,496 97.299 2.627 
9. v Northern PF d.G242" Bogs” 9.27 “S80 65787 “1600 4.6875 
10, Bs. Seam, ~Loyaleock, 1.09 8,70 “62.32 6425 Os LO. 29 Seese 
hile. Seam 60° betaw &. fel Eee ST See Toe TT "C.5 pe “A ewe, 
ioe Llykens Vaiesy Si Pars fo Seo “76.385 9,59 0,676 Se Ik =e 
Nos. L=10 ars Gitad by @. A. Agshbur Bi lin BR. Pap. 1886, “Classifica- 
CLOn Of Pa. Anehrvacii se”: 
il. Pas Geis Surwer, Oo, 21 S4q 
tae -dGs 105 
Att ntbaon is called to th: complete analyses carlier Pied. 
ii, and to the rslative amounts of hydrogen as comparad vith bituminous. 
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vith notwse orf tis MNenoopany Field by F. A. Hill. ine same volume 
also contains notes on Wyoming Valloy fossils by Ashburner & Feil 
prin, & a general paper on the Anthracite Coal Region also. cited 


here irom M.. 8. Ki. 166. 


" New Method of Mapping Anthr. Coal Puc lie a. Wie fee Boe Peon 
See also comments by B. S. ivan, i, B. Van, 1638s. 

" Method of estimating contents of highiy plicatad--pede:.. Enesinesrs 
Cis Phada. {eese 

_» G201. Relations of Nanticoke Disaster. 2. F, Hay 1306, : 

" Geol. 6f Carbon Co. Pas Reprint from History ofCarbon Co. 1884, 

Os Ce S.) Cartars “Anthracite Cost Go Perkiomem (reek. Pan Fe 1G Mage 

AUSs 18, 1894. 9. U47.2 Pron tes Journal ae the Franklin Fnetitute 


Even date. Triassic Anthracite. 
Le GLEE . OF Vilkesbarre A Oa ae ates: A th pass +e. ee 47 St 
a) 


Ce. Re Claghorn. Notes on the Bernice Anthracit.< 





Pa. Me GeckVilis.4oc 
B..B. Coxe. Notes on a peculiar Variety Of -Anthracite. 11. EY VELe S73 
Geological Surveys. See undar Pa. Bituminous. A very complete set of 

Peports under ths istters A. AJA. eee. With maps have been issued 
by the 2nd Survey and area the best literature for reference. 

S. Gresley. Anthracite Coal appbéd. Me Be FPabe 1695 
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THE ACADIAN FIELD. 


NOVA SCOTIA contains the important portion of this fisald, bedause 
the seams in esntral New EPrunswick are small and but slightly mined. 
Nova scotia has two distinct and separate areas; one on the neck of the 
peninsula is called the Pieteb or the Jorsine and lies: in Pictou. ana 
Cumberland counties; the other, on the eastern Side oF Cane Breton is- 
land, in Cape Breton county is “usually spoken of as the Sydney field. 
The sreat number of seams (over SO) in the Pictou field was earlier re- 
ferred to (p. 21). Although the great majority are insifnificant thore 
are among them some of exceptional thickness. At the Albion Hines, 
Stellarton, the "Deep Seam" is worked at 22 ft. and the "Main Seam" ig 
still thicker. At several ather — 10-12 ft. of coal are not uncom- 
mon, In general the dip is rather steep, 15 to 45 degrees, and the a= 
Vailable territory is therefore 4 Ae ore ee There are three principal 
districts from west to cast, the Westville, the Albion and the Vals. 
The coals yield consideral slack and all things considered the field 
is hardly as food. as the Sydney. : 

Ihe Sydney field is on the coast at the northeastern part of Cape 
[reton. It is the one that has been such a subject of interest along 
the New Fngland coast from the recent purchases of the mines, by Beston 
capitalists. Ten or twelve workable scams 2 to 10 ft. have been iden 
tified; and four basins, the Sydney, Lingan, Glace Bav and Cow Bay are 
recognized. The coals dip seaward and where worked near the coast are 
followed out under the o¢ceam. The dip is low and the quality sood. 
uxpectations are entertained of developing important markets along the 
Atlantie seaboard, the Gulf of St. Lawrence and in the West Indies. 

At the Acadia Kiines in the Pictou field a coal was mines before 
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the advent of petroleum that save a rieh yield Gf oll’ on. distigiasion. 
It was called Stellarite and is of some scientific interest (Sce J. V. 
Dawson on 5 Le cadian SOLO ey Bio « oe i I. aoe XL b 95 ) ° 


NEW DCRUNSWICK. One or two small outliers: of carboniferous strata 
in central New brunswick contain thin seams that rroduce a Faw Hundred 


tons annually but are of no great moment. 
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CANNEL COAL. Although cannel coal is essentially a variety of bi- 
tuminous, it has nevertheless such distinct and characteristic proper- 
ties of its own that it deserves special mention. It is sold as @ sep-= 
arate brand and commands a much higher price than ordinary soft coals. 
The supply is not unlimited nor is the toal very widely distributed. 
Seams of cannel are especially prone to variations in quality and thick 
ness and because of their frequent high percentage of ash their rela- 
tions with bituminous shales are close. The percentage of hydrogen is 
also often high. The luster is dull, the specific eravity is tow, and 
the coking poWers as a rule Bre very inferior if not entirely jacking. 
Cannels more often occur as a subordinate bench in bituminous seams, 
than as an entire bed. Plant remains are at times recognizable, spores 
(S80) 
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Have beon detected in some with the mitroscope, and fish remains are 
notably abundant in a numbor of Localitics. . Cannels were used as a 
source of “rock-oills"”. before tis telis of patroloum bozan fo “iuvsid 
tisiyY supplies, but they gave Way bofors the Lattcr«. “Of Late’ years 
thoy have only served as a fucl for open grates and therecforo as a 
high-priced luxury, and as gas enrichors. Our best known brands are 
obtainsd in Kentvueky and Wost Virginia. The "Breckenridgc" cannel of 
the former in Hancock Co. om the northeastcrn edge of the western coal 
field is a standard brand. Others ars obtained in Carter and Johnson 
Co's. in the eastern field, from Campbell Co., Tenn. (Jellico cannol) 
and at Connelton, Kanawha Co., W. Va. Pennsylvania, Ohio, Indiana and 
Illinois have less prized varicties. Years ago Itissovri afforded a 
CUPlOUSs Coal. from the Peeton near ths thouth of the Coasts Piver. wners 
it occurred in great pockets, and was called Osage cannel. Its specif- 
le, gravity was at times oven less than unity. A very femous Little do= 
DOSIit Im 4tS SGisntifie rolatione. wae discovarcd Gt Dbinton. GG... by Drs 
Jo Se Newberry = during the operations of the Ohio Geological Survey. 
Although but six Inches thick and only &A@ few acres If Extent, 26 yzeld= 
ed 40 species of amphibians and 20 species of fish. 

% the Acadia mines of tha Pictow ¢oal—field of Nova Seotia, th 
peculiar coal “stellerite” Which was above referred to Was formaris 
mined. It Yoeesived its name bscause 1t cortuscated with sparks Dike 
stars while burning and therefore is perhaps as near cannel coal in its 
relations as any other variety. It formed a laver 1'10" thick batteen, 
a thin bench of bituminous coal above, and a rich bituminous shale be- 
Low. 

The origin of cannel has been an interesting and puzzling question 
and an explanation of its peculiar richness in volatile products, gas- 
ecy. Olls:;. tare ate, has beem souscht by many, OF. Newberry: i 16575 -ar- 
Zued that the Ohio cannels were formed from thorouvghky macerated plant 
tissue that had washed into still lagoons in the coal-forming swamp. 
Others have considered it to have resultéd from varieties of vegstation 
rich in gums and resins. Some microscopic observations give ground for 
this view. Spore cases have appeared in many thin sections and as this 
form of vegetation if rich in nitrogen and hydrogen, special cannels 
have beon refsrred to its The abundance of fish and molluscots Pemains 
in some cannels, rich in oils, has suggested with great reason that the 
soft animal parts of these organisms have been important contributors. 
Inasmuch as the composition and properties vary, in different rogions, 
all of these explanations may have applications. A very complets Yre- 
View of literature and.localities is given by Zincken in the pepser Ti 
ed below. 
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BITUMINOUS SHALES may be considered coals or especially canniel 
cOals High in ash. YVbhere is no Line of demarkation but as the asi 
reaches 30-40 co the seam can hardly be called a coal seam, nor above 
a0 oe 95 % ash is it very highly bituminous,  Eituminous shakes are 
black or brown and if rich in bituminous Matters they may be tough and 
leathery. Im this Country there are some, whith are low in Garboniier= 
ous substance but which are of enormous extent, such as the Marcelivus 
and Genesee shales in New York And the fHurcoh shale of Gio. No suck 
rocks have bean found of vValus in this Country as yet, SUT they Mave 
been regarded as possible future sources of petroleum should the wells 
Sive out. PF. Neymann obtained from [00 prams Huron Shales O1l ay tre 
Yate of LOe7S gaidons per tons Ene famous "“Torbanize “of Scod land 
Vields 1i16=125, “stellgrite" of Nova Seotra, ust fererred Go. 26, can 
nel coals, 32-CG8, asphaltic coals up to 100, Australian "Kerosene 
shale" 80, so that the adaptation of the low-srade American shales is a4 
remote contingency. The origin of the bituminous matter involves the 
same discussion as is Ziven above under cannel. 
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SUMMARY OF THE STRATIGRAPHY OF COALS AND LIGNITES. 


CENOZOIC ~ DBRELARY SYVSODPEM, 


Only peat and incoherent lignite occur in strata later than tho 


MIOCENE SERIES. ALASKA, 


EOCENE SERIES. Tejon stage. OREGON, Coos Bay. CALIFORNIA, Monte Diablo. 
Wansetch stage. UPA; San Petes 
Bolignitic stage. . TEXAS, San Tomaa and other lJivenites. 


Fort Union or Livingstone stage (Many consider this Laramie). 
MONTANA, Rocky Fork Field. 


MESOZOIC - CRETACEOUS SYSTEM. 


LARAMIE SERIES... WASHINGTON, Puget Sound and Roslyn Fields. VANCOUVERS 
ISLAND, some ALBERT&: lignites. MONTANA, Bozeman and Cinnabar 
Fields. NORTH and SOUTH DAKOTA, lignites. WYOMING, Southern 


Fields. UTAH, Weber River Field, Pleasant Valley Field, New 


Harmony Field. COLORADO, practically all the coal. NE” MEX- 
ICO, all the coal. so far aa: known,  THOEAS.{ San Garilos Field; 
Hacile Pass Field) MEXICO, Ric Sabinas Piciad. 


MONTANA SERIES. "Pierre" stage. ALBERTA, Lethbridge coal. 


COLORADO SERIES. UTAH, Kanaraville and Cedar City. 


DAKOTA SERIES. COLORADO, Lower coals of La Plata Field. WYOMING, Wes- 
ton Co. The coals have usually been referred to the Dakota 
Series, but lately discovered fossil plants may prove them 
Kootania (Seienes, Febs 2. 1895, ps. 257). 


KOOTANIT SERIES. ALBERTA, Cascade Valley Anthracite. MONTANA, Great 
Falls Field (“ueen Charlottes Is. anthracite is described as 
Lower Cretaceous). 


i-— 


MESOLOIC - JURA-TRIAS OR NEWARK SYSTEM. 


VIRGINIA, Richmond Field. NORTH CAROLINA, Deep and Dan River 
Fields. (83) 
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PALAHOZOLIC ~ CARBONIFEROUS SYSTEM. 
PERMIAN SERIES. The Washington seam and some other thin ones 
Upper Barren Measures of Pennsylvania and adjoining 
PENNSYLVANIAN SERIKS. 
of Michigan; of Rhode Island: 
of the Appalachian Field. 
MISSISSIPPIAN SERIES... Verpertine coals of seuthwest Virginia. 
NOTH. im the Crataceous 
Colorado, and Montana, used at the left for geological series, 
same employed in the purely peographical way. 
Laramie series of the Cretaceous in the West, 
SeYies of the Carboniferous in the Bast, afford dimost alt thea 
mined: but the Kootanie is of srowine importance. 
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DRIP STATISTICS. » The following Sstatrsiies for Psgo 
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in tie 
states. 


Coals of the Western and Bastern Central Fields; 
of Nova Seotia and nearly all 


coals do not confuse the names of Dakota, 


with the 


It PSs evident that the 
and the Pennsvivanian 


coal 


(except 16a 


which is for 1892) are serviceable as es tive an idea of the ralative 
importance of the productive restons. THey are avranzged 12 order by 
states, bPerritoriées, and provinces. Short tons (2,000 lbs.) are here 
used« It is well to remember that a lone fon (the usval whit at the 
mines) is 2,240 lbs., and the metrie ton (the Buremean tnit) is 220406 
lbSeny oF Practically L.lsehers tong. 
ie Pannsylvanda totalj@e;0se 267 14. Werthess6e, == ("== S51R 2027s 
Anthracite,- - 53,967,543 15. Washingston,- - - - - - 1,264,077 
Bituminous,;= =< 44,070,724 16. Ind. Perriterty ~~ = = 01, 2or gn 
Q« Tilimoia,;« = - == 6,949,564 (ia Alberta cc Brat. @ Com.) Beka, 525 
Ss Ohioy~ =< = = = = = 147255, 640517s Bontana, = = < — = = SyzgoUg 
4. West Vireginid.,--—=- 20,796,576 16. Virginia $ ==] = = 820 ,3359 
be Alabama. — =< =)  pypis659e>. fo. Nev Mexico. = = = == 665 ,094 
6m Colorado, = = ='- = ee, 102,589 20% Ai hensas, = = = = Se] & 574,763 
Tf.  LOWR, = = sce = = ye 27229 2h. Up. = = = Se Se = SS 413.205 
oe)  Lndtants <= Ss ear, (ob seol Se. 8 Meera ta, SSeS 3725780 
on Meayyland<- =—=--s $716,042 25. Téexae, = - = = = = - =e ay ow 
10. Kéentucky.+ =~ = = 6,007,179 gan VAIL fornia. = = = = — = Tew OOS 
La, Nove Scottay. = — =" Byebh695 25. Nertn Dakota = = 49,650 
ll. Missovri,- - - - - 2,397,442 26 Niele ds -~-- + - = - = 45 O79 
12: Kansasys == - = = 3 652,546 27. Oregon,- = ~=s= +-+=+s+ 41,655 
13. Wyoming, - - --=-- 2,489,611 25. North Gerais -- + 17 O00 
Total, -< —- = = = 4 Se 2S ef = 4 = | Se £O2,oo2, 
CHIBF COAL PRODUCING COUNTRIBS. SHORT TOMS. 
1. Great Britain(1893)184,044,890 8. New South Wales (1892) 4,226,000 
Qn. United States (1893)192°552,774 9. Canada (1S9S)-— - - = = 3,719,170 
Ss Germany (1692) — = 203, 851,090 10. Japan (1893 -- - - - - 3,400,000 
4, France (1892)- - 28,862,017 11. Spain (1893) - - - = = 1,688,820 
5, Austria (29899) == 296,037,678 12. Mew Zeatand (Leg2 4 — Of azer 
6a. Beloive (1602) = ) 2.300, 42 — Sweden (1092)- - - - - 421,159 
(84) 
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7 Ruseia (1892)— — = ~ 7,62%79069 14% Italy (2892) q=—4=- = . 326.54) 


These statisties, are from the Mineral Resources U.eS. de9S. pp. 
200, & 202. Mineral industry, 1895, metric tons beins chanaed to short 
TONS - 


CONCLUDING REMARKS. The great part played by coal in modern civ- 
Liization is a favorite theme for more or less fervid rhetoric but the 
significance of the above statistics can only be appreciated by comput- 
ing the equivalent footpounds of work according to modern thermodynam- 
ics» Jeuvles equivalent is 772 footpounds. A pound of bituminous coal 
represents 10,570,147 .footpounds: a pound of anthracite 141.026, 715y4 of 
say for a pound. of coal in. general 10,000,000 footpounds of Work: 

Footpounds Equivalent 
“i per. day lbs. of cod 


Aman raising his own weight on stairs or ladder 

develops - - - - - - ------- - = - = -2,088:-;000 OnZ21 
Aman carrying weight up & returning vnloaded - 5995600 O05 04 
A man pushing or pulling horizontally - - - - - 1,526,400 User 
A man working a pump- - - - - ~- - - - - - - = - 1,188,000 Gaile 
A horse walking with a boat or cart - - - = = = 12,441,600 1.24 
A horse cantering «© trotting with a railway truck6é,444,000 0.64 


ine efficisney of a steam euzine ig 10 %. Statistics show that it 
takes from 17-26 men to mine 10,000 tons per year in different states. 
The larger states are below 20,but: one may select 20 as a fair averace. 
That is 500 tons pex man, per year, or about two tons per workins day. 
In other words a man produces per day 4,480 lbs. of coal, equal to 44,- 
800,000,000 footpounds of work, of Which an enezine makes LO F or 4,48A¥ 
000,000 effective. In this way comparing the work of a man as given 
in the above table, with the available footpounds in the coal, We see 
that a man multiplies under presént conditions his strength from 2,200 
to 11,200 times, using round numbers and is equivalent to from a sixth 
to a third as many horses. No more emphatic commentary could be adduc- 
ed on the importance of coal, and yet no mention is made of the addi- 
tional comforts, of warmth, Lisht.and convenience in codéking, etc. ai- 
LOreca bY Ths 


NOTH. Graphite is treated after asphalt, for it.appears to be a. 
metamorphosed product from netroleum or something similar, quits as 
often as from vegetable tissue. 


CHAPTER IV. THE PETROLEUM SERIES. 


The general name of the Petroleum Series is meant to include a 
group of minerals of widely varying physical properties and of exceed- 
ingly complex chemical composition. They each consist of several mole- 
cules and no one formula Gan be conceived to express the composition in 
an individual case. any more than it can of 42 Coal. Yeu 2 Teeposeibie 
from elementary as well as proximate analyses to gain an idea of the 
elements involved and of their relative amounts. The ordinary process 
of alteration through which these substances pass tn Nature, is 1m eens 
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same may be said of them as was ear- 
degree thev correspond to th3"Evolv- 
bUt @s they have not All beer deriv= 
but cleariy in. some “Important cases from 
this expression as there used cannot be sWeepingly ap- 
plied. Petroleum is selected as a #eneric name for the Series because 
it is the mineral whith may be considered. with good reason, to be the 
source of the others in almost all cases. Phere is execlient eround 
for believing that ail are of orzanic origin. 

The Series includes a succession of minerals, from an extremely 
light gas, to & perfectly solid asphaltic coal, orrieven to sraphite, 
and individuals may be selected so as to give an almost unbroken series 
from.one extreme .to the other. The sases are srouped Under the Senerat 
name, netural Zas. 


aral ons of oxidation and much the 
Lier. stated of coal. fo a certain 
ed Products” of the table. on pe 4, 
ed from vegetable materials, 
animai remains, 


The oils from light to heavy are called petroleum. 
The tarry minerals. that ure at-.-least rony.and viscous at ordinary temn= 
peratures are known as maltha. Those that are solid at ordinary temper 
atures canstitute asphalt, and those that are ~erittile and jet-lake, amd 
resemble glauce coal, are the asphaltic-coals. Graphite occurs in such 
relations at times as to be evidently derived from some one of the pe= 
troleum series. At Ticonderoga, Ul. Ys For example 20 164m a Figesure 
vein with feldspar, calcite, pyroxene etc. Besides these there are so~ 
called natural waxes or ozocerite and a number of fossil Bums ov resins. 


Percentage in 
C, Hy», by Weight 


Percentazes by Volume. 











Natural Gas. CeHy.s, C 0. GQ i. Hes co Oe Ce lbawe Oy Hs 
1Lecand~ | 
stone Gas 90.64 eeosw O.50 9,06 =—== =—ees “CY ==s= 76409 Zoot 
Bae * free -~~-= 0.20 2.02 ---+ ---- tr ---+ 74.96 25.04 
Snonate “ 90.05 atis OAL “9154 ° seat “ea eee ee eo 
4,Lime+ 
stome " 9G455 O.41 0225 S:41 0.20 2564 0.39 0.50 -o5=- a 
See ut ee NG 0.55 G.29 2.600 0,18 2.42 (0.60 0.30 =--—- leolanienion 
Peresntage by Weight. 
Petroleums. om ay N. on O. 
6.0and- 
stone Ua C5.2 13.359 0.54 ~-2-— sees 3566 See See Se 
Teoneaie “ 86.9534 21,819 12209 =——26 ~2-5. Soe 6 Bee, Sones ror 
S. Lime- 
StOne YP —@={2254 fae Sebi. Sie fein eee | eet, wee es eens 
Maltha. “sy Sp.gr. 
9.0hio Sted 19.1 ese-- suse See see ae 5 eee. ies 04587 
Asphalt. 
10,Trinidad 85.89 11.06 ----- DAG seems Seer See ee | Same e eee 
Asphaltic 
Coals. ne =e Fee Ao Ash 
1l1.Grahamit e------ ----=+2$ #=-<6-+ss= ----- 55. AD 3,0 ------ 
L22ALbePE LEGS 14 2d 9,62 1.75 ---- ----- es SESS, iS , 44. ae ae a OS 8 
LS -Vintaite 78.435 20,20 3.27 =j==—= 62.970 ==2-= se2=5 EQ LeQSS 
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ae eneval formala ror the “paratfinges’ or 
ee ee Lor tas oOlet ined. 


2 » by FP. C. Phillips. Pa. Geol. Surv. Ann. Rep. 1886, 815 
HOw ol, BHStiisiad.. Yarren Co. Pa. | Ne. 2, i1UPrATSVille, WVestmore- 
Mae, litre Gredenia wd. VY, 
+o and S, by ©. C.»Teward. Geol. Surv. Onio,..Vi. ES%. No. 4 is Bingley 
O. No. 5 Kekomo, Ind. Both from Ifé6nLOn JLimest one. 
GO and 7 « Mem nh Cevstem Vollw %. be 535. Sle. 6 Cumberiand. V. Va, Bo. 7 
Ha; yuard CG. Cain t. 
oa 
J. Su. Claire-Deville as quoted De a Betgsen Geol. cd. Kenlenlare:. 72. 
LO; HH. CU. Bowen ror FP. V. Gresn.. Ms. Hin Gere 16e8. Undet ermined Gane 
11. Quoted by Macfarlane. Coal Regions of America, BCG. 
lg. Qu6tsd an Geol. Surv. Can. 1867269. Appendix to Rep. on Pictou 
Coal Field, pv. 16, 
Loe) 8 2 ke bectke, Meise dule 1687. Sas sieo 7. Blake «Ml. 8. Heb. 1390 
14. OUOted bY dia B. Costing. Se of . 6, XVI. 44, Nov. 1694. 
U5. aera sain anneken EX. 64. 1f varies, Can 7ae'79. He = 10,5.. 
: ohne 
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eer iat comparison of the analyses shows that carbon and hydrogen 
47 A 

Lié principal elements involved im all. As compared With the ash-= 
lenient ari analyses OF €Oa le On. Pp. hes the fange in carbon, is 
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1. same. The oils and asphalts are richer in this alerient. (7a 
om coals although inferior to ere DUG im hydrogen they cur 
pass all coals. The paraffine, marsh gas or methane series os eens 
is ths principal one present. In natural gas the paraffines above ae 
Lane Ceo) are doubtless absent because they ae diqigs at, ordinary 
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pee ee Much the most abundant One present WhLveh has by 
tgight-.- 74.97, 1. -26.03, values near No. 2. The higher paraffines in- 


Grease Ta oie: With tie: Pnereace in th eCifle evavity or the min= 
erais. ihe components of ogo¢erite for instance have, Carbon mult ip les 
mostly between 20 and 60. The olefine series (Uw Hew) ie relatively 
more abundant am the lLiduidse and Solids. and is bi Small Acceumt a tie 
Sases. it is improbable that the nitrogsn has been derived from admix- 
tures of atmosphere, bscause cf the small amount of oxyzen in any form 
that accompanies it. 

The above classification has been based on the physical nroperties 
of ths mineraloe, wrether gas, lingid or solid. apd none are introduced 
in the condition of mixtures with foreign mattee. Inte sroup of as 
phaits there ere some whieh saturate limestone or Other rock Sd in 
this form have important. applications.  tinfilvenced by considerations of 
the latter kind some writers (as.for instance “aio = and FY V. Greene 
as later cited under asphalt) give these mixtures great prominence: ‘but 
as Blake points ovt, in a sC€isntifie scheme of classification accident— 
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al mixtures had better be ignored (NM. E. Feb. 1890). The chemical com- 
position is so complex that @t 2s not @ good basis ."' la most of these 
minerals we are at a loss how to proup the atoms. The most that can be 
done is to contrast the oxygenated hydrocarbons, such as vintahite and 
the resins, with the simple hydrocarbons such as gas, oil and ozocerite. 


NATURAL GAS. Although known from the earliest historic period in 
tie Oflental countries, and frequent iy met int thiecdPillin= of berms and 
petroleum wells before 1¢c0, natural gas has only been practically u- 
tilized on a large scale within the last tén or fifteen years. Its 
treatment cannot be taken up otherwise than an close connection with 
petroleum Tor the productive reszions, broediy considered, are tie <ane 
and where ons is found the other may be expected with considerable cer- 
tainty. Natural gas is colorless and of variable specific sravitr. 
Calling air 1.00, Orton states. (ky. Geol, Survey Rep. om Pétrokeme: <tc. 
LEGS, Pp» 106) that Pennsylvania gas (sandstone gas) ranges fromse62= 254. 
Findlay, 0. gas from the Trenton Limestone has baéén determined at 157 
and «60, Qthers of LocalLit® not ehated Have reached ..Si4 i imecrsace cL 
CO. (Sper. 145241). of N.. (Speers 074). of © 0. (Soverer scoe 
(Su.er> Ts?) Paises ths density, While inérease of C fia (Sim sre e559) 
and of kb (Sp. ger. .069) keeps, it. low. The vaPistics With even the 
Slight pneresntagzese of Has have a. strong, offansive odor, but the sand= 
Stone gases that lack it have a not unpleasant smell. From the same 
seological sources, the composition is surprisingly uniform; to such an 
extent, indeed, that Analysis 1, above, answers quite well for the Zen- 
‘eral run of sandstone gas end Now 4 fer that from Limestone. 


PETROLEUM. Crude petroleum varies much in appearance. The light- 
est oils are straw-color; the usual run of Pennsylvania and New York 
Oils are greenish, and the limestone oils of Ohin and elsewhere are 
dark brown or nearly black. Oils are comparéd om the basic of density 
and this is expressed in degrees of the Beaume scale. It is well to 
Osar in mind that.our uspal speciafi¢.sravity.of J. or of Water 25) 107 


>) t r i oa. - + . . Lt 

beavis, 2O° D- =, 49052, 7O° B= «of... The Formate of reduction is Sear oe 
>, oe | t . ~. ‘ a> ~~ ma ap 

1503= degrees Beavme. Oils from Allegany Co. MN. Y. run 38-41 B: Me- 


Kean and Venango Co's. Pa. 46+48 B: Warren Co. Pa. 43 B: Lima, 0. 36832 
B; Florence, Col. 30 B; Wyoming surface oils, 25 B. The general aver- 
age Of Russian is 32 B. The bearing of this is, that with lightsr 
Olls, there is a better yield of illvminants (38-60 B) which are the 
products chiefly sovght. The chief hydrocarbons present are the mem- 
bers of the paraffine series, With perhaps some olefines. The most 
troublesome substance is sulphur, in the form of complex sulphvurous hy- 
drocarbons. ‘Some oils have nitrogen, as in California where surface 
pools become filled with larvae. “hen Pennsylvania oils stand a dark 
Sediment settlss out, called "3B. S." which decreases the yield of illi- 
inants and lowers the price. 


d 


D 


GEOLOGY OF PETROLEUM AND NATURAL GAS. These substances in small 
quantities are wide spread, and almost all sedimentary rocks hav2 at 
least traces. Some years ago, Professor Wright of Yale, detected an 
appreciable amount of a mitumen in the pegmalitie quartz of Branchville 
Conn. famous for its inclusions of carbonic acid (A. J. S. Mar. 1881, 
209). Prof. Wm. Libbsy of Princeton recently (1893) obtained spectro- 
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scopic evidence of burning hydrocarbons in the flames which play on the 
lava of the Sandwich Teland eraters. Awd... 5, > ay 1624. 371. tren 2 
very small percentage of hydrocarbons in a thick rock stratum.consti- 
tutes a total of vVaet emoure. OFtom states that. .02 % im (8 1.000 7th 
of rock would supply, if avfilable, a greater yield per acre or square 
mile, than the richest of our. dsveloped fields, « that this 16 an a= 
mount that rarely fails in the rocks Of the Chic Valle, 

It is to be emphasized. at the ovtset that. in our eastern American 
localities fas, oil and salt water always go together, but of corse in 
all manner of relative amounts. In tne earth they are arranged in the 
order of their daensitzes, the Lishtest.on top: 

In the geological problem of orizin there are tWo main oquestiond, 
vize whence has the material come, and how has it been concentrated? 
The first separates at once into tha two: is it of inorzanie or of or= 
Banie d6srivaeatlion, And What Chemical reactions. have eo. to. 206. torna= 
tiont in America almost mo one seriovsly doubts that our bocal denos- 
its ave derived from orzani¢e matter, wiich has been oOrisinadiy. buried 
in.oy below the strata that now afford the O11 Or Sas. Abroad cther 
Views have had some accertance and even s2em to nave impressed at least 
one American seologist with their elaims to» serious attention (Sea G.f. 
Becker, Ihe Cosmonolitan Masazgine, Dee. 1894, 256)... Pex wild bowever 
bs dismissed with the mere statement. 


INOF GANIC HYPOTHESES. Bertholet (1866) as the result of expsri- 
ment, stated that the hydrobarbons of the petroleum series could ea 
produced by the reaction at a hizh terterature of Water carrying crn 


stato in the interior of the earth (Ann ,. Chem. eb Pays: EX. 462], 
Ilendelejeff (1877) attained similar re r the reaction of Wat er 
and carbonic acid vpon metallic iron and metallic carbides. These. He 
then assumed to exist in the earth's interior (Revue Scientifique 1877, 
409). 

It may be merely stated that this existence of metallic alkalies 
of carbides of iron in the interior of the earth is 42 pure sHecolazion, 
and’ the difficulty of conesiving that the products of the reactions 
would pass upward through the many thousands of feet of overlying atra- 
ta, if too Breat. for most minds. | 


Sa 

bonie acid in solvtzon, Unon alkalies if such existéed. im a mevaliue 
a 
Cr 


© 
CH 


ORGANIC THRORIES. Granted an organic source, the question arises 
as to whether it was vegetable or aninal. it is quite certain that 
Olls from shales and sandstones are of vegetable origin, but that those 
from limestones have been derived from animal remains. Tre absence of 
sulphur in the composition of the former, and the accumulation of the 
latter under circumstances unfavorable to plant life Zive good ground 
for this view. Some California oils from shales seem.to have also had 
an arlimal origin, 

Differences of opinion have prevailed as to the covrse and causes 
of the changes from organic tissue to oi] and 246. %T. &. Hot (1865 
and later) advanced the view that they were developed in the ordinary 
processes of decomposition, and that they were indigenous in or near 
the rocks in Which tery are Pound. J. So. Newberry (1859 and later) ex- 
plained them as dve to a spontaneovs distillation at low temperatures. 
"Distillation" implies heat and the process thus differs from Hunt's 
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who does now necessarily assume temperatures above the ordinary. S&S. ee 
Peckham followarng out Newberry's idea referrod the heat to the fdlding 
and upheaval of the Appalachian mountain ranges in Pennsylvania. 

The difficulty of detecting the presence of any notable inerease 
above surface temperatures in the oil wells and the absence of any 
large upheaval in the Ohio fields have led to increasing faith in the 
reactions ecitted by Hunt, and for limestone oils there is little reason 
to question them. The general barrenness of the sandstones that’ carry 
Oils, etc. in traces of orfzanisms, has led most se0losists to favor 
Newberry's idga of the sovrce in lower lying bituminous shales, whence 
the hydrocarbons have ascended. 

The concentration and storage of oil and gas depend upon cavities 
of some sort in the wocks which hold them. E. B. Andrews first zave 
definite expression to the view that there were subterranean cavernous 
Fissures in Whieh fas, oll And brine ranged themselves im the ofder of 
their specific sravities. It was consaderéed a matter of hance whether 
the drill struck such @ Cavity, and according To the point penet rat ed 
the well wovld yield sae) oft or Beime (4c) Je. Sie Di, Re oo, Te5k), 
This idea has been practically abandoned. 

lt was early noted both in Ontario and West Vireinia thet the 
Wells were ranged in anticlines, but no great importance was attached 
to the relations at the time. In 1885 the work cf 2. ©. White inh west— 
ern Pennsylvania and in the years following the observations of Hdw. 
Orton in northwestern Ohio, have developed what is known as the “anti- 
clinal"” theory of storage and one that has proved of great scientific 
and economic value. In Orton's expressive phrase, porosity and relicf 
are necessary to Concentration... the former to admit of accum tation. 
the Latter to o¢C@asSion tt. Anticlinels im Whose stratisvanh 2 ticki 
shale is involved, and which overlies a porovs sandstone, conglomerate, 
or dolomitized limestone furnish the most favorable places. Gas and 
oil gathering or ascending under the impervious shale, in the porous 
receptacle, from some bituminous source around or below, will force a- 
Way the brine left iff the rock from its orizinal deposition im che sen, 
and accumulate under hydrostatic pressvre, proportionate to the depth 
of the rorovs stratum below its outcrop. The gas will be at ths crest, 
the oll beneath; the brine stall lower. A Well at the Crest yistids 
sas.,..0on the flanks, 6t1y Bnd further ovt brine. 1t must be Semsnibered 
that anticlinals Yiee and fall alonsS the strike of thie axes, & that tie 
heights ars especif&lly favorable. It is also true that not everywhere 
ig the receptacle surfieiently poreuc, ahd Mor 26 the GCap of Srate ail= 
Ways tight, so that an anticline does. not necessarily imply gas or o11. 
The antic¢lines of sven monoclines are often oquite slight and ciose Lev= 
eling was necessary at the outset to prove them. In this and in the 
determination of the depth of the oil sand or gas rock the need of a 
universal datum was felt and now even for the interior the sea level is 
used = it having beer widely established by railway surveys. Maps have 
even been constructed in Ohio showing the varying depths as refsrred to 
the seasilevel, at which 4m oil or @45 rock might be expected. They are 
thus a sort of negative topographical-geological map. 

Aithouvgh anticlines have been shown to be the determining cause of 
the locetian of oil and gas pools in almost all cases, yet geologists 
of weight and experience (J. P. Lesley, C. A. Ashburner and others) 
have disputed the necessary a and have argued against the uni- 
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PRTROLEUM: 
GEOGRAPHICAL DISTRIBUTION AND STRATIGRAPHY 
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Ihe following table shows the relative importance of the several 
states in 1893, in barrels of 42 gallons. The figures are from the 
Minerval Resources for 1893, p. AGS. 


1892 1093 
Pennsylvania, - - = - - = 27,149,054 - = - = » 19,283,122 
Ohio, - - = - - - - - = - 16,362,921 - - - - - 16,249,769 
West. Viveinia.— «= = «| 9e@hO, 086 = = = 4cee 8 43eee 
Uiiatieare sa ween ae: <oBergee 698.068 << inc= = =) Desa 20s 


I 


New York, - - - - - - = 
Colorado, - - - - - - - 


1 2736845 4 to ye DOG h SOT 
824,000 S 6 =a 59@,390 


I 


CH LUROrHidia = aye Fe 505 0A A fey ATO VD 
Tite Ot aetee =< ts SS Shee 63655 = == = = 3,110 

50,509,136 48,412,666 
Russia, <---- + +4 =e» == == = = = = $3,104,126 
Canada, -- =< - © #2] 68 = = = = 4 4s & = & 790,406 


It. is difficult to settre correct figures of Aeisiborins srates 
because of the mixing of products in pipe lines. In the above, Penn- 
sylvania, West Virginia and New York afford sandstone oils; Ohio, Indi- 
ana and Canada limestone oils; colorado and California shale oils. 


The productive reszions in a large way will be caliled-fielids. Iie 
fields will. be subdivided into districts.{ Following the usage of J. De 
(92) 
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Weeks as established in the Volumes of the ineral Resources. theta are 

1. Appalachian Field, including districts in southwestern New York, 
vestern Pennsvivania, West Virsinia. eastern Ohio, eactern icone 
tucky and some prospects in Tennessee, Alabama and Georgia. 

2. ‘liimasalndiana Field, in northwestern Ohio and eastern. [nes ana, 

So  HnMiskitien Piaela. Ontario. 

4. Mierence Field, Colorado. 

De  HOUtTHerM Calirornia MWreltd. 

Gy oeGstt ered and Miner Fields, 


THE APPALACHIAN FIFLD begins in Mew York and runs in several belts 
southvestward into West Virginia. The nils and associated gas are all 
obtained from sandstones of the vpper D*vonian (Chemung and Catskill) . 
ay. of The Carboniferove as High as the Pottsville Conglomerate.  Offen= 
times close stratizgraphical determinations are difficult to make .sr ace 
count of the similarity of ths beds. There may bo séveral productive 
HOrizons, in the same district. which themselves sre out a fev. oat 
thick and which are invariably porous sandstones or conglomerates. Al- 
legany Co. N. Y. is the extreme northerly one and derives its supply 
from Chemung strate. iIn Cattarausus Co. mext West the EYadfard dida- 
trict besins and runs southWest into tekean Co. Pa. The Chemuns strata 
yield thse outpyooy The productive beds are a dark brown or black sand= 
stones, called “black sand” as distinstiished from the lighter colored 
Sands earlier tapped in Ysnanzo Co. Penn. -Coklectively all the above 
are often called the “Northeastern fisld” using "field" ina more re= 
stricted sense than it is employed above. The wells have a small ave- 
Fase production, 22 berreis daily in Alleghany Oo., S in the Bradirard 
district, but are long lived and reliable. Sevuthwest from the Bradford 
district but on the same gensral belt are a number of separated pools 
in Warren and Forest Co's. forming the "Mtddle Field". The horizon is 
still Chemung. Although the pils differ more or less among themselves 
they are generally called amber oils. The wells average 8 bbls. daily. 
Still further southwest Lies the “Lower Picid" chiefly in Venango, 
Clarion and Butler Co"s. There are three sandstones called the Lee « 
end and SYd, Within about 350 ft. They mess the first Ghee tapped im 
1559-60, and led to the greet excitement of those years.  Wieresa Ls 
three are present the oil is found in the lowest. —They bellones to the 
Catskill strata. The welle were drillad in the valleve AL firct. bet 
later on additional ones located on the hills, struck higher sands 
Which were called “Mountain Sands", but they never produced much. The 
Wells today average /*-21 bbhis. each 24 hours. Near Franklin tae yieid 
is lubricating oil. Several ovtlying pools in Beaver and Lavrance Co's 
from the Pottsville conglomerate and the Berea grit are also included 
ancthis Bield. Im Allegzany Co. sduth of Pittsbure. and in Waehineton 
and Greene still further south are a number of other districts which 
make up the Southwestern Field. The best known is the McDonald of Al- 
lomzany Co. which after an opening career of phenomenal production has 
dropped off. 


WEST VIRGINIA contains a sovthern extension of this Southwestern 
isld in the Mannington district, which was bocated by I. ©. White In 
accordange with the anticlinal theory as described in his interesting 
peper cited below. The old. is obtained in what is called the Dig -2aieu. 
(93) 
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sand, a member of the Pocono. Further west and south from Marietta on 
the Ohio river are the two pools at Volcano and Burning Sprites, known 
for many years ariel of-Which-the f6Yier yields lubricating o12 151 5), 
The horizon is the Bia Injun sand of the Pocono. More recently devel— 
Oped. districts are the Turkey Foot in Hancock. CG. 2n the extreme north 
erly end of the Panhandle, the Sistersville in Tyler Co. and the EUreka 
in Pheasant Go.) bob on the Ohio river. For the immense increase in 
the production of West Virginia these last -are-responsible. 
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istern Ohio contains two or three districts closely associated 
With these of West Virginia: The Macksbure district 16 an O1d One ther 
lies just north of Marietta and for many years has produced o1l from 
the Berea Grit of the Lower Carboniferous, along a monocline. The Sis- 
tersvillse and Bureka distyvicts of West Virginia extend into Ohide and 
yiold oil from the Pocono. In northeastern Chio, the Mecca=Boelden dis= 
trict has Jonze afforded a lubricating o14 trom the Berea grit. ihe 
chief districts of Ohio lic ovtside the Appalachian Field and differ 
from it in geological relations so much as to demand special treatment. 
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Yas (ax Geol. Surves., Rec. 
J. F. Lesley. On the Allegany Riv. at Brady's Bend. Prac. Am. Pril. 
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" Mineral Industries. Ilth Gensus. Rec, 
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LITERATURE OF WEST VIRGINIA: 


Note. Aside from the general papers of 
een wri 


Ds Weeks end oo. Py Peck 
ham mentioned above, p.- little has b n 


ten on West. Vireimia Oil. 
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Ee We Evans. On the Oii-Producines Uplitt of YW. Van Ase. Sele lle 42. 
Soe. 

Te OC. White. The Mannington O11 Pield anid the History of tts Develoo-e 

ment<* Bedi. -Geoi. Sec. Amor. Lil. 2a7.. fe72. 


The Literature of Ohio will be found entire under the Lima-Indiana 
Fuel. 7 


THE LUA-INDIANA FIELD is one of the most interesting of recent 
discoveries. The first gas was tanped in November 1084, at Findlay and 
soon after oil was found at Lima in the Trenton limestone a new and un- 
expected horizon. These discoveries started drilling in many new quar- 
ters and pools of orl are AoW kKhoWN If Seven Gountics, four of WiicG 
are strong producers. The field has been one of the chief demonstra-« 
tions of the anticlinal theory, so much so that in accordance Witn it. 
the promising country is now quite aAg¢cuUrately outlined. . ihe northerly 
extension of the Cincinnati anticline is marked by several low rolls at 
whose crests, and abovt 1,100-1,300 ft. “elow the surface there is po- 
rous, dolomitized, Trenton limestone under tight Utica and Hudson River 
shales. The porovs bed lies about 10 ft. below the top of the Trenton, 
and is from 5-10 ft. & never more than 15 ft. thick. Some fas lics a= 
bove the oil, bout it may be but slight. Below tne o12 ts beime. im 
the gas districts the oil is subordinate. It appwars from the above 
that the wells are shallow as compared with Pennsylvania. They also 
require less casing and are eheaper to inaugurate. The oil is heavier 
than the sandstone oils, dark in Color, and contains about 0.5 2% oO. 
This at first was a drawback in refining but successful. processes are 
now in operation so that it and its odor are removed. The Trenton lime 
stone oil today yields 4 greater part of the illuminatines oils, then 
does any other one geological formation. 


LITERATURE: 


Hi. W. Minshall. History & Development of Macksburg Field. Geol. of 


Ono, Vos Vin tie 246, 
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° ! ‘ ae Nom” 
trolaum in Gasns. Brill. Geol. Soc. Amer. PV. 225-242. 
= ad =~ pA Ee ies J ~ 5 ® 37 * MAT a = 
T, S. Hont. On the Geology of Southwestern Ontario. tescribes petro 
7 ’ ae ; T : AEA Re Mawar aaArtiar naner 
Leum in tis article. oe i, S. tbe BEVEis B5o. 30 earliet papers 
i ; ; i ry Toad TAD on q \ ant 
by Dr. Hunt will be found Cited 24 Tere enee of Prumell 5 Ee 
a : ; es z i 
Ay Winchell. 0te ov tie eal of Petraleum in Canada West. Ae ¢- 
Tis. Mees Loe 


fr oe 


' 
} 
' 
DANY | 
Woy 
4, tb 
| ' 
mnie (Ta) 
H] 

j 4 
hs r 
yy ak i 
eres us 

4 
t t 
hy . 
Ay 
" ; oh 
ted ry 
Nt 
tare 
Ka 
as Bet 
gore Bes 
Hal 
yh 
ee 
‘ 
hee | bby 
+ ie 
’ 
/ 3 
Ee, ry | 
4 
pyi® tS 
Pact th 
\ iv 
‘ 2) 
: ae 
ni i 
’ “3 
r) 4 
faa ' 
wat, dal 
hs ; 
nt © 
< 
'S., 
nt 
aie) 
: . 
‘ 


| 
} 





PP ae SS a Se: 


Se le < sSapaoresisaincio ris oS SERS, Se ee eee =a 





EEE EE EE OOO EEE EEE 
~ = -< ; —— = - - 


Jo Je, Gnpawford. I2th Rep. State timeratosist, p. So2, 167 


NOTE. Some indications of oil elsewhere in Canada have been met; 
they are not yet shown to be serious but a few references are appended. 


Re Delle Petroleun im the Northwest Territories of British Agerica = 
on the Athabasca and elsewhere. Proc. of the Can. Inst. new ser. 
1. 2eo4 LSS. 

«J's Hy Brumel). On Natural Gas and Petroleum in Ontario prior te 
1S9l. ©. G. Sev YE90=915 q. See also other Citations under Eru- 
mell above. 

kK, ©, MeConriell.« § O92 tm Athabaece. Geol. Surv. Can. Te90=92, Go FE. 


THR FLORENGE, COLO. FINLD is of Limited extent and lice Gn the 
easterly edge of the syncline which contains thse coal of the Canon ee 
coal field (n. 41). The oil is somewhat exeeptional in its feolorieal 
relations being in a areat basin and not on an arch. It has accur ae 
ed, apparently from enclosing bituminous shales, in the more sandy 
layers of the formation, and is accompanied by variable amounts of gas, 
and practically no water, salt or fresk. The zeological Horizon is? the 
Pierre, the Upper member of the Montana sroup in the middie Cretaceous. 
The webkls are from 1,000-2,000" fF. deep. and the oll 2S Father Heavy, 
SL bs Ths production appears to We fakians off. 


LITERATURE: 


Ge Hy Blartdse.«. The Elorence O11 Pisla. .. Be. XX. 442, Foot. fees 

i, Ms Endlich. Seetion at Bihorenéce, Col. Nayderno survey 1575, p. S17. 

Me Os thisens. The Canon Catw Oil Field. Ann. Sep. Colo. State Sencot 
or Manes~ 26s5, “75. Bee. 

Jc Se«-Newberry. The Olli Pields of Col, ~S. of BL O2-%o Sys Bee He aa 
Dec. 15. 1888) pe 479. 


ae 


THE SOUTHERN CALIFORNIA FIFLD is is many respects exceptional and 
peculiar’: The orl 16 Heavy and as a sca thing has an asphaltic 
bass, net one of paraffins. ft is found in highly inc¢lined etrata and 
is collected Be thin sandstones in the roa of shales or in the shales 
themselves. he dip is often as high as 75 des. and the productive 


districts are in narrow canons whose walls scarcely afford a pereh for 
the drilling riz. ‘Tunnels have been resorted to in not a few Cases in- 
stead of wells, because the high eee make trouble in keeping the holes 
straight. The productive fields are in Los Angeles and Ventura Co's. 
The latter contains the Santa Pavia district, 22 miles west of Newhall, 
the former the Pico and Puente districts. Produ ictive wells have lately 
been drilled in the city of Los Angeles. The oils are heavy, Zoeee 2, 
and do not yield as much illuminants as ovr eastern product , so that 
they are larzely vsed for fuel in the crude state. . Tne Geological age 
of the productive strata is considersd iiiocene Tertiary. There are 
other small districts in San Mateo Co. on the Godst, and an Freenco Co. 
and Kern Co. in the central valley (the Sunset distvict) but their ovt= 
put is not serious. Kern Co. has afforded oil da tow as 12 8. 
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W. A. Goodyear. Cals State Mineralosist Ren. 1257. 
de Marcow. Wheelers Anne Rep. 1876, p. 164. 
Be Novtn. Ihe Pico Canon O21 Pheld. 10th Ann. Beep. Stave Min. Calar, 
255. 1590. 
Die ts Peekham. Rep. Geol. Survey of Cal. Geol. EL. Apne. poe 46590. 
m fener> “Chemie 2V. Gb. 
i’"PYOCs AMera- Fai. Soe. xX. 452. 
" J20t ie. Gensus,, Vol. wa e256. 
* Petroleum in Seutmern Calif. seience Neb, 9, 2804, 74, 
W. L. Watts. Gas and Petroleum Yielding Formations of the central val- 
ley, Calif. State Mining bureau, Bulletin 3, 1894. 


Minor O11 BPiefds, which are a2 Yet only prospects GF of small proe 
duction are known in many places. favorable anticlines exist in Ala- 
hbama and some small quantities have been obtained from the Trenton lime 
stone (4, R. 1893, 509, 1890, 3657. In Dicrson Co. Tem. oil wee Gise 
covered in small amounts in 1865 but no seriovs production was ever at- 
tained. dn. Barron Co. southern Cantral Kentucky, there ic & emai? 
field near Glaszow that yields a few thousand barrels. Uther prospects 
exist in Pulaski and Russell Co's. further east. As early as 1829 a 
salt well. at burkesville in Cumberland Co. had 4 brier but- phenomenal 
production of petroleum which flooded the Cumberland river with a 
stream of oil that cavght fire 40 miles below the well (Orton, Pstror 
deum Gas and Asphalt in Ky. p. 144). Orton reviews 2 bons Services oF 
unsuccessiul ventures. Lililineis produces a Lubricating Gil in sinaid as 
mounts at Litchfield, Montgomery Co. On the western border of Missouri 
(Bates Co.) and in the neighboring part of Kansas (Miami Co.) small 
quantities of 4. heavy Dupricatin= o1.., 25.5 5B have béen Ghiained, tn 
Wilson Co. southeastern Kansas more promising vields of oll and zZas 
were obtained in 1894. Texas has furnished Heavy Gils in Bexar Go. 
Wyoming contains some rather promising country but as yet no very se- 
rious Yesults have been attained. Of greater importance to the western 
coast is the new Peruvian ott Field, Which extends also northward into 
Hdvador.s Ihe wells center about Nesritos and are 500 Ft. and less in 
depths . The o1k BS of s00d rade. Go-59 |. ane 10 2s Seated trae 2b eis 
to #0 to Pacifie tarts as @.fuel. 350,000 bbls. Were produced in tege 
(M. R, FYE9S, pe 526. ©. Ochgenius Chemiker Zeitunes 2891, XV. No. 102). 


NATURAL GAS. 
GENFRAL LITERATURE: 


C. Ay Ashburner. The Geology of Natural Gas. “MM. BH. 14, 428; 

" “Eee Geolocieal Distribution of Natural Gas Gm tie Us coe fl 

500s - HE. << M, Jam 15. 22..876 B62. Peeling. Fraper, ws @ T 

Hove 6, S6 DB. 352. | 

He Menance. The Anti¢lanhal Theory of Natural Gas. ti. #. AV. 3. 

General Review to 1887. Amer. Man. & Iron World. Supplement. Dec. 3°, 
1687. Papers by Ashburner, Carll, and Vainney, especially good 2 
for indiana. 

G. W. Goetz. Notes on Fuel Gas. MH. E. Wash. Meeting Feb. 1890. 
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Je Hy Kemp. On the precipitation of - etallic Suiphides by Natural Gas. 
He. ce Gee Jour. ~ DaGe Se LEO, 

We J, NMeGee. -Rock=Gas and Related Bitumens. Lith Ann. Rep. Dir. VU. §S. 
Gin tow Db, -LOole 

; ineral Resources. The volumes contain Annual Reviews. 

Ee Orton. Admirable @enesral Essays in Geol. of Ohio. Vol. Vi.= Ann. 

Reps for 1690, Ohio Geol... Survey... Petroleum, Gas and Asphalt 217 

Ke, LS9L. + 6th Ame. Rap Din. U.S. Gis. pe 427%5u ERoe, 

Origin of the Rock Pressure of Gas BULL. Geod. Soc, Amer. Le. Sin 

Beg lo Soy Gillis, HERCEX Bee. » Rea 

le Ce Write. States the Anticlinal Theor. Science dune 26, 1Ss5. A, 
Se Se iddie Botley S96. Bulle Gein Soe winer« tikes 1e7: 





The Zensralities regarding tne geolozy of natural gas have ilready 
been set ferth. They are practically tne same as those of petrolewn and 
the productive regions are closely related. Gas however. is found in 
many Jocalities which show Ho SssYrious amounts of Gil. 

The early oil-wells and the still earlisr sait=vslls often liber= 
ated great quantities of gas whose inflarmability was known and which 
Was if rare instances Utilized. On the Keanswaa river, W. Vas tf was 
employed to evaporate brines at a very early date; at fredonia, !. Y. 
it Was vwsed in the illumination of the togn and elsewhere it was burned 
With @n insvufficisnt smount of air so as to deposit & fine Srade cz 
lamp-black. Lut vast quantities were allowed to run to waste and some 
timidity was felt about its explosive capabilitiss and the apparentiy 
uncontrollable pressure at. whieh 16, emeresed. lt was first piped 12 
Eutisr Co. Fa. im 1673, bat not till LS7S wee 2h extensively teaq an 
manufacturing, and met till 1@62-S3 was it taken to Pittspurs. Ihnen 
the. industry took great strides which was much aceslerated by fhe velis 
of northwestern Ohio (1084), and later on others in Indiana. Natvral 


gas is incomparably the best of natural fuels. Fifteen thovsand feet 

of gas are about equal to one tom of coal. The search for if has been 

prosecuted in all parts.of the country and im addition To oe sources 

of gas, th: wells have added enormously te our geological knowledge. 
ihe valve of the 2as nroduced im the states that visided. over 


S160, OOUC in 1695 ts ae follows. 


ease “he es » .LS9e 
Peymnsylvania, «- - = = = $6,486,000... New York, = 24 = s = = Coico, 
Indiana,~ = - - - - = = 6,718,000. West Virginia,- = - == Loo sO00. 
Ohio, - - - - - - - - = -1,510,000. Uther states, =~ - --- ASM we oer 
Total, Baa SD RS Rg Ee ee ee. 546 , 250 ° 


Statistics show a steady decrease from the maximum of aoo. 623.3875 
in 1lucc, of which Pennsylvania contributed $19,282,375. 


NEW YORK. Energetic search has b2en carried on in llew York and 
has developed productive wells in the oil field of Alleghany Co. with 
the gas in the same gsological relations as the Gil. The gas is piped 
to Suffalo. Small amounts have been alsc met in the counties west, and 
in the region around Buffalo, and near Oswego, from various paleozoic 
horizons« Gas from walls in Ontario about BO miles from Fort Erie has 
also been introduced in Buffalo. 
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LITERATURE: 


Ol« of BUTfalo as Falated. to & 
. th By RVER. 69S. 

ural Gas In i. Ve State, i. Hy MVE, OG. 
PLOYaLIons In. the Pastern Cntserto Pa. 0. He Cet. 
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Gye Ase Ashburner. Ge Ste Gass. Fx. alone 

tyes Nias. Khiver 
Petroleum «& Nat 
os 


‘f Natural Gas Mx 


? 


1839. 
He Oe Williams. Geolosy of Sevthwestern N.Y. Petroleum Ags. Jane. 


ise?, D. 1642. 5radrord, Pa. 


PEENSYLVANIA. The Eradford and neighboring oi] resions produce 
CCNSiderabie for focal wee, [ne supply for Pittspure. While Gs the 


Zrentest single market, 1s cbhtained from wells along the Alleghany riv— 
er to the neortin of the City and from Vashinestonm Cou. Of the Sscutnvest. 
1 


The Murrysville, Tarentum and Grapeville wells Were famous in ths; 
day, and vielded gas at 500 Lbs. pressure to Gas Squgre meh. E42 sas 


1S WOW Ghisthily solid For. domestic vce. Tne same strata furnish 2t. ac 
Yield tis ©11.0f the resion. 


LITBRATURHE: 
dq H.. Carli. Ard BP. .C. Prillive.. O11. anid. Gac Heston of Pa. Ban. Rep. 
f 
Pa. Geol. Suevey, 1666. S68 aiso Carli & County reports im Fe. 


EYvVey. LOr. Loea. Cavaniits.. 


d> He: Curmins. Geology of the Hatural Gas Pields Ssbout Pattsivrs, iT. 
ce M. door wiikey S05 92, pe C6. 
J» Vy Uesley¢ Pressure Gta, of Rock Gas. Ann. Rep. Src Pa, Surv. 
LESS ¢ 
OHIO. he Ohio gas is mostly derived from the Trenton limestone 
in the Lima fisid, but other smaller suppsies ars obtaingd im the east 
ern, portion of the state from the Berea Grit, ard lately larse =taelds 
have been -tapped from the Clinton limestone noFfth of Columbus, to which 
GIty.1¢ 2S piped. A small antielinal has ocecasioved the storase. 412 
the northwestern portion, along the Cinei phenomenal wells 


have beén -dritbed at Findley, and.tewns urther north. They reached 


their zenith in 1089 and have declined steadily to date: The gas is 
piped to the towns along lake Brie. The anticline runs to the north 


and has been tapped in Ontario as well be Later noted. 
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LITERATURE: 


te Urton. Prelim. Rept. Colgmbue. . 1887. 

'. SY. Rep. State Geolozict,. 1890. 

" Mots VE.-Onio Geol, Survey, «hee. 

" 6th Atm Roepe Dir, U.S. G. Se 27s. 
De gas | discovered sources of Natural Gas and Petroleum in NX. 
We Oo Ke Ae hs Se VOle G4. Be SOR. 1855. 
The horizon of Pstroleum and inflamma b Sle Gee do Obie. An An Aes. 
Vol~« G5. D.-G072 1SS4. 
Origin of the Rock Pressure of the SM. G. of the Trenton bimestdrme 
Of OC. Selid.-” Bees. Ge Tit. SCC .. 25. 
J. S. Newberry. On Ohio & other Gas Wells 
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INCIANA has developed into @ closs rival of Ponnsyiyania. All, its 
Pas Lis ebtaeinsd from the Tronton Jimestons in, & West svi ext snsicn of 
the Ohic Pislde. “Lt appears that) the Gineinnati Asch forks and sends 4 
branch into Indiana, and along the anticlines in the eastern esntral 
part of the state, the pools ars found. Ts z2as .16e. piped. to. alt sure 
rounding towns and sven to Chicago. Ths wells range somewhat under 
1,000 fe39t.The gas is. idantical in composition with that. obtainsd in 
Ohio. 

LITWRATURE: 


&..Se6 Gorby«. Reps om the Gas of Indiana. ind. Gael... Surv. 15th Anne 
Reps 1686, pe 228. Also in subsequent Beparts thro Vox toe, fares 
last contains a good stats. map. 

HE. Leverett. Studies in the Indiana Natural Gas Picid, Amer. Geel. 
eae Bi 

Me Orton. . Sth Ann, Ron.. Dayrsctor. Us 5. Ge BS. 288, 

As Js Phinney. Nat. Gas in Indiana. Am. Taner. and Iron Vorlda, Aue, 
LOS Fin 


". Nate Gag dn [adiana. ditt Ani. Repeat Us Suu. S87 


r 


ONTARIO, CAN. There are two important fields in this provinée. 
One in Welland Co. opposite Buffalo obtains supplies from the Iledina 
and Clinton horizons, another in Essex Co. opposite Detroit tans the 
Clinton limestone. 


LITFRATURR: 


Ce. A. Ashburner. Natural Gas Explorations in ths Rast 
ninsulas MM. EH. OSvawa Nesting, Oct«. Bo. See ale 
Mars 25 S90. SiS. 

Mineral Resources. 1891, p. 443. 

R. Boll and H. P. Brumell as cited under Pstroleum in Ontario abeve. 
Annual reviews are given in Rep’s Can. Gaol. Surv. 


} 








OTHER DISTRICTS. Kaentuéky.- A small 2as. field has been struck mn 
Meade Co. on the Ohio river, 25-40 miles below Lovisville, which takes 
its supply from a black Devonian shale at a small anticline (Orton, Pe= 
troleum Nat. Gas & Asphalt in Ky. p. 170). Considerable quantities are 
obtained in West Virezinia im the oil fields« Im Missouri, fova, hinuce 
sota, Kansas, Utah, California, in fact in almost all the states seme 
littls gas as been obtained and some explorations ‘ave been made. 

Full. reviews of, these are given in the volume of the lith Census on 
Mineral Industries, so far as they were developed in 1890. In addition 
the followjng references may be noted. 


Colo. .R, 0. Hilise Notes on the Recent Biseovery of Natural Gas in 
Pitkip Co» Colo. Prot. Coley Sti. Sot. El. Pts fie pe 1c 

lit. Tew. Comstock. O21 and Natural Gas.im Fi. Bas. © 2urve vores 
Assoc. of Dll. Jaime “26-28, 1ea7. 

loWas Ci R. Keyes. Net. Gas @ O21 tn tase las Beads cei. Leye, De dog 

"Fy. Me Wilter. The Gas Wells near Letts, Lowa =< in Drift. fa. Ae 

ead Soi, Tiopaet If, pm. 62: 

N. He Winehell. Natural Gas.in Minn. Bull. 5, Minn. Gedi. Surv: 
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MALTHA. Tarry fluids are not uncommon in small amounts. in lLime- 
stones and bituminous sandstones. So-called “tarssprings" ooze from 
them, and the bituminous substance is also spoken of as liquid asphalt. 
Only in southern California are thay of Practical vVaive, and-woile- not 
a few localities ars known in Santa Barbara and other counties, the 
chief developments are at the Lan Conthas mine on the ocsan near Car« 
penteria. The maltha impregnates a clean %vateurnary beach sand, which 
may reach 20 fo 60 Fast in thickness. A strongly bitumbmous shale tun- 
Gsrili@s it. and from this the maltha exudes. The crude sand contains 
about 20 % bitumen, but the refined reaches 95 %. The deposit is des~ 
cribed in the 7th Ann. Rep. Calif... State Mineralogist, pe 21 the i20n 
dos Pe SL and in M. fy I[S9S-p<6 650. Lb 26 enpleved tim ‘sctt anime Ssozid 
asphalt and as a coating against moisture. Brea is a name often ap- 
Plisad to waitha or Liguid asphalt. 


ASPHALT, Ihe loss of the more volatile constituents of some pe= 
troleums and cs3rtain polymeric changes not well understood, lead to the 
production of asphalt. a residue, solid at ofdinary temperatures, Mere 
or Less Watsyr, sand and clay are always mixed With 2 AS 2b CCeurs in 
the natural state, and it may also impregnate limestone. Its great em- 
ployment.is for strest=—paving, and othsr uses such as Coating reser= 
vVOolrs, cellars, and the like. For these purposes it Has &2 Wide and 
esrowing field. Ths inereasing intsrest in good paving for city high= 
Ways has opened an inexhaustible market for it. Asphaits differ much 
im their properties and not all haves the necessary “bond” for an endur- 
ing stYeet surface. Thay shade by imperceptible gradations inio bvic= 
tle, shining coal-like substances which are here specially treatsd as 


asphalti¢ coals. The latter have differant. uses of thei owe t Ee 
chamistry is however so complex, that elementary analyses throw little 
light upon the question, and whether important grovps of definite and 


characteristic hydrocarbons are to be separated and recognized in the 
PUtUre, only the Tuture wiki reveal. 


GENFRAL LITRRATURE: 


We B. Blake. Uintaite, Albertite, Grahamite and Asphaltum. M. E. Feb. 


LSS0. Kec. 
G, Cs Broadhead. Centennial Rep'ts and Awards Gp. I. p. 2. On As- 
pnalt Bitumen, Petroleum &e. 
WeVs Greens. Asphalt and ite Uses. M. EB. AVEL, 655% 
Le Male. Guide Pratique pour la fabrication et l'application de l'as- 
phealte at des bitumes. Paris, i677. 
PD. Nercy, bes Bitomes. didje, FPeanee,. 1689. -Rees 
, F. Pockham. Notes on the Origin of Bitumens with exp'ts &c. Am. 
PRiLs.Se¢. Xe 445. Aleo Abs. A va. Sa Lis 2o8, tole soe 
" Tenth Census. Vol. XV. Rept. on Petroleum & Bitumens in generale 
" Petroleum in its relations to Asphaltic Pavement. A. J. S. Jan. 
1894, De 2d. . , 
S. P. Pratt. Geological Position of the Bitumen used in Asphalt Pave- 
Wente; ‘Qa We te Be Pie S04. ete, 
He Worte. <A Theory of Asphalts, “Bi & Me deur. July 27 89 pp 73% 


Within the United States only two or three regions are of notable 
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importance although from abroad large quantities are imported. 


Kentucky. In Breckenridge and Grayson Co.s, southwest of Lovis- 
villa, ter springs heay2 been long known and to their associated sul- 
phurovs waters medicinal virtues have been attributed. In the same ro=- 
Zion sandstones outcrop which are saturated with asphalt and which have 
of late been smplovyed for strest paving.in several Ohio Gities, wath 
favorable rssults according to Prot. Orton. (Ky. Geol. Survey, Perro le= 
um, Gade and Asphalt roéke pp. 206-221. ) 


oxas. In Uvalde Co. sovthwestsrn Texas, a shell limestone is 
found which Gonbarins about S10 mes Or bltumen and Ls. Calilsd Litho=carbon. 
Th® asphaltic product is Feported to have SPsat elasticity and propara- 
fions have Deon Made-to wbilize it. (See "Cortent bit :ratwe”™ Sept. 
LeOL “ps 1361, “Meret #898. f. 657.) 





Utah. A batuminous. Limestons has. bDesn evuarried if thas Northern 
part-of Fmery Co. on ths Rio Grande and Western Bo R. ang sold or 
strast PEVINe ivi ths interior citiss. (il. Ry 1892, 702 = begs, Goc.) 

No montien is made at this point of @ilsenits Q@nd wintaite Duel thes ere 
16at.er Yotsrrod to. 


California is the chief source of ASpnualt within tus Eimies oF tig 
Unit 4d. Statos.  Dha sate 23nerdl region that pas euveady bas Pores 
to under prtroleum and maltha likawise yields both asphalt and asphalt= 
ic rock, which ares the foundations of Important and srovwins indwstr ites. 
At. -the ming called ha Patera 12 ales west of Santa Barbara some hun- 
dreds of acres yield an asphalt, which has mingled with it about 40 
of quartz sand as an impurity. Whsn softsmed with the mattha oer le 
above and mixad with additional sand or Limestone if ts much Prizea 76r 
paving. <Anothss important asphalt: district) 1368 in ta. areat valle, 67 
California in Karn Co. atthe town .of Asphalto. A 1aroe Vein that furs 
near ly Sos nNuee bitumen has bean opened Bp, but the TPSiSsats ake More 


Y 3 
expensive than for deposits on the sea-ccast. 

Asphaltic rock that is used without refining by morely warming up 
ank rolling; is mined in very Larze quantities tear Santa Crug, im, tue 
county of the same name. The asphalt impregnates a sandstone. Other 
dsposits ara vtdhiged in San luis  Ubispoe a niall oye Ud«.@e Ceverad 
asphalti¢e coals from California, are mentioned late 


LITERATURE: 


J. ds Crawford. .12th Amn. Rep. Calif... Stats Mineralogist. 1694, pp, Ze. 
Rgtgie CP OW 
VWme Denton. On the asphalt beds near Los Angeles Cal. « its ecentainod 
Fossile, | Ber Soe te, Fy AVil be te. Te. 
BE. We Hileard. Min. Resotrées Un 6.4 1686-64, Ps Fee. 
" Asphalt in Ventura Co. Calif; State Minmeratosist Poth Ann, ep. 
1890, 6. VES. 


Wms J, Ivrelan. Calig.liin. Rep. 1887, pe 50. GoeG gener 

jn We Parker. On Calif, Aspheite- M. R. AGUS, G29e Roe. 

W. Lb. Watts. Gas and Petrol. Formations in Central Calif. Bull. 3. 
Cal. State Mining Bureau, E894, p. 41. (On Kern Co.) 
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Trinidad. The island of Trinidad. 1yins, Just O£f-the-cosast. of 
Venezuszla is the prinerpal sovrce of asphalt for the eastern coast of 
America. The so-callsad "pitch-lake" is regarded by some as the crater 
of an old mud-volcano. It is at all events a basin 114 acres in extent 
thres miled from the Sea and filled With asphalt to a depth. reported to 
be 78S fast Wn the middie and To ft. at. the sidss.. Bive lay dies bee 
neath its and in the Hollows of the surface. are pools oF Water.  Abeut 
40 % of the crude material is pure bitumen, ths remainder. being warer 
(16-17 %), vagetable remains (9-10 %) and fine sand and clay (34 %). 
Outside of tha lake proper are ancient overflow deposits whose quality 
ie Pegarded as inferior, All the productive.tsrvritory ac Hoy Under orc 
control and all the asphalt is sold by this central management to other 
usars. sInrsfining, the crude material 1s heated Ata Low temperaturs 
to remove the water, and allow the sand in part to sattle and th> veg- 
etable material to be skimmed off. The per¢entaze of bitumen is raised 
to about 60. in paving this is thorovgbly incorporated with 4-/ times 
as much fine sand and laid. The asphalt has also applications as a 
mortar, and as a non—-conductor. ‘tine analysis of the pure-bitumen Ws 
Given Oh ps Os | 


LITERATURE: : 


We OO. CUPesby. Natural Bitumen and the Pitch bake of trinidad. | hams 
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M. Cumoange. Gisements de Charbon et de Bitume de la Trinidad. Annales 
des T'iness dult 1882. Other deposits than tine Pitch baka sare 
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PuiVetGresne. Asphalt @nd ats Uses. Tis Ha AVIL, «S55. © Bec, 

Ni oe Meaurogs. Notice of the Pitéhn bak: of Trinidad. 2 wid ce eis ae. 
155- 

Pierce (U. S. Consul). Asyhalt of Trinidad Consular Reports on Commerc: 

. ) Mefactures ete, 145 Oct. 92, p. FO9. “Ret. 

C. Richardaon. Dascription of present ownership and of Tethnolosy. tt, 
Ry Leos. 640, Reo: 

Wall. Rept. on Trimidad Asphalt. . d. Geel. Soe. XVI. AGT. 


An asphalt is also obtained near Maturin in Venezuela which is 
called Bernuidez asphalt and runs higher in volatile oils than that of 
Trinidad. At Pedernales, ah island in the delta of the Orinoco, are 
other deposits of great purity, and near Maracaibo, Merida, and Coro 
inexhaustible quantities are raported (M. R. 1893, 666). Cuba has af 
forded asphalts which have been used for paving without much success. 
The same is true of Mexico. Considerable bituminous limestone from the 
Val de Travers, Switz3rland and from Seyssel, France, Have been import 
ed. into this country, -INey contain edhe bituman and are powdered, 
heated, mixed with some residual petroleum and laid. 

The general technology of all these asphaltic pavements is well 
discussed in the M. R. 1893, pp. 640-669. 


ASPHALTIC COALS. This name although widely used is doubtless not 
the best collective one but will be employed here because it suggests 
the solid nature of the minerals and their analogy to glance-coal. 
They ars a stage bsyond asphalt as the term 18 Weed above. ihey Have 
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served as gas—anrichers from an early date, and of later yoars as a 
basis of coaeh Varnishes, ete. Before 1650 a true fissure Vvoin wae 
discovared at Hillsborough, N. 5B... Waieh Was filled With @ Sshanane 
Coale-like substance called “Albert Coal” from the county im Weick wt 
Was situated and later Albertite. It was the subject of muck darfrer- 
ance of opinion for “some Vears, because It Sppeared to be a Gon and 
yot was in a fissure cutting Devonian strata. Finally it was zgsnerally 
recosnized as having resulted from petroleum and as being essentially 
an asphalt. While ths mine hseid out the product Was much priged 26) 4 
gas enricher. Analyses are given on p. 8&6. Ten years later a similar 
Voin Was mot in Wood Go. West Virginia, which was deseribed by J. PF. 
lasley in 1865, and sudsequsntly another in Ritchie Co., whose sub- 
stance wag called "Grpahamnitie” by Dr. He Worte im 1669... The Wood Co. 
voin was o/s of a mile long and 4-5 ft. thiek. besley recognized the 
true matnod of origin Trom petvrolsum. An e@sphaltic coal has since been 
found in Taxas, that has been called Grahamite by Dumble, but the quan- 
tivy is insignificant. Ol, Bo KALE COLJ) Of eveatcr Gmportance is the 
largss vein on the Uinta Indian resarvation in northeastern Uttar, whose 
filling has béem named. Uintarte by W. P. Blake. Tims Vein from 534 fect 
Wide runs for two or three miics, and is near Fort Duchesne. The mateq 
rial has proved so valvable for varnishes and insuviators that despite 
the necessity of Having it 9O mites to the Yralilway, over 34900 tons 


yearly ere sold. tim the trade 2t ts cadtied “Grileenite". Amother Scaq 

phaltic minsral from the same fe but of different properties has 

Hean Natted by Blake, “Wuorte) bive® it ¥esists erPaimary solvents for 
gslatsrite. Kimball has report- 


the bitumans, 1S elestice and falated ZO 1 

ed avahamite from Huostsca, im the Statice of Vera Oruz, Mexico. Speci= 

mens, Glosely Yesenibling the ofiginart Albert a have been received at 

the Columbia Sehool of Mines, from neer Kenda, UYU. S&S. of Celumbia, and 

the matsrial is said to occur in large’‘quantities. These solid asphalts 

are liksly to appsar in almost any pstrofeum or bituminous district. 
LITERATURE. NEW BRUNSWICK. 

Note. Various opinions on the nature of ALbertite, expressed bY vari- 
ous geologists of eminence in the early History of the minsral, or 
in its later relations to tariff classifications have bean ex= 
prsssed and printed and are on file in the library of the teolog. 
Dept. Columbia Collage. 
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Batley &@ Elis. On Aibertitve. Cabs GeGl. Sueweye 1S764T%,. be Boe. 
Wo Ps Blake, Me BR, RVTTT. 567, réviews Albsrtite With citations. 
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J. W. Dawson. On the Albort sborough, N. B. Q. J. &. Soe. 
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OZOCERITH is gonsrally dascribsd as 4 natural pararffine, belonzing 
chumi¢ally to ths paraifinge or marsh 24S S5YisS Ana Subracine Sven or 
its Higher mombswes. thet in. the forma. ¢.” Byes em vould Go" 22 to 
504. Others have believed that the ofetine serras’ (Cy. Hes. ) was giso 
Wsproesont sd and that EAs O20Csarito Esua mixours De. He Wurtecraseras 
OZOGCiVits @s belonsing with ths oleiines. 2 Thar al wien ar 7 enalvs-s both 
of the Galician (Austrian) product and that of the Utah mines indicat = 
very noarly €5 % C and 14-15 % H. There is no doubt that ozocorite has 
O,an In a1] €ae36 darived from pstro lsum! signe by Phe less Of 20s ere 
Volatiles constituants or by & polymovie Yuareens sient of atoms, oer 
both. ‘ths minsral o¢ceurys in ¢szions ef oll, aid in G@racke and Gaviti ss 
in Bandstones and shales» There ars but two produetivse districts the 
World Over, one the oldsr and Jarzasr is “in the Austrian province, “Gas 
ji¢cia, the othsr whogs d-velopmint besan ifn 1538S, is-near Pleasant Val= 
lay Junetion, Utah. From 25-150 tons are anmaliv afforded. “Ine wzo- 
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GoP1It » anewars noearilvy.ablb.th.~ purposes: of br:2svak, ald: 1s. 1m Saddls ton 
of gr:zat valu>2 as an insulator and for many othor adaptations. Largo 
amounts are also imported. 


LITFRATURE: 
Anonymous,  Ogoksriate. Harpor's Waskiy=..9 Hepes 16, JSS. pe. Joe 
Wet. bay. , General Oceurrsancs im. Burcps and. America... Trans... 3. 
Aead«: SCiv Vol. ih, £eS2 4.01 So. 
Platerite or bhinerat Wax. Hea co My. Jour. Judy 6, 1932. Dee. 
«+ Minerad Tes. Ff. ad, dour July 6. Mosk. to. ce Kee. (ose 
also Mare 14.) LeBss« 
Ee..bs Gosling... Ireatice on OUzo¢erite. Sem. Of Dinmes Ouarteri, 720i. 
41, Nov. Lega. Contains 4 goed, bibliography. 
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Zea f9, De AGo«. Apr. &y. bere, Pp. 254. duly o. Leer, he 22 
'" Theory of Agsphalte Genesis. 8. &u MM, Jote. July 2. Boalt. pe Te. 


FOSSIL @OMS AND RRS ENS. 


The oxygenated. hydrocarbons in, the form of amber, Sum copal Guc: 
others have some useful applications and are found in considerable 
quantities in some parts of the world. Though resinovs substances are 
not uncormon in western coals, and, as interesting minerals, have been 
met with elsewhere they are, so far as known, of Ho practical impore 
tance in. either of.the-Americas. “here found they occur usually as de. 
tached lumps in beach sands and have been derived from the gummy exhv- 
dations of extinct trees. They are useful as ornaments and as a base 
for Varnish . 


GRAPHITE. 


The final stage in the metamorphism of all carbonaceous minerals 
is araphite. It results alike from the coal series and the petroleum 
series, but as mined is perhaps more often derived from the latter. 

The grapritie slates and coal of Rhode Island were sarilier rererrea to 
(p. 78). Graphitic schists ocevr in various cther places throughcut 
the regionally metamorphosed districts of New Brunswick, Pennsylvania, 
Michigan and Wyoming, but they are seldom pure enovgh to be valuable. 
It is also a resvlt of contact metamorpnism. The historic rezioa Tor 
graphite in the United States is near Ticonderoga, N. Y. Many years 
azo veins Were worked north of the town that afforded considerable 
quantities and made the locality known. Ther are fissure Veins, tiat 
cut squarely across the laminations of the gneiss that forms the walls, 
are vertical and filied with péesmatitic matter, feldspar, quartz, py= 
roxene, apatite, calcite and graphite. They were long ago worked down 
to a depth, that made the mining too expensive. The Present source oF 
eraphite is radically different. About five miles west of hake GCeorfe, 
in the town of Hague, @ graphitic quartzite 1s totUnd an 2 bed from o=25 
Gs Ehiek, 2n farnetlierous catties Lt strike “sast and west. dips 
107) 
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15°S. and is faulted so as to give two ovtcrops: Almost nothing wise 
except quartz and graphite dre im the rock. Lf affords 8-10 % of the 
latter and is mined, crushed in a California stamp battery, and washed, 
the light material being saved. Graphite also ocevrs in limestone: in 
the eastern Aderondacks but is not utilized. Most of ovr bette grades 
are immnorted from Ceylon, where it o¢ecvurs in veins with precisely the 
sane mineralogy as in the older Ticonderoga mines, as maybe seen by 
referring to the papers by Sandberger and Walther cited below. Drere 
is little doubt that the granhite has been derived from some hyvdrocar- 
bons of the nature of p2trolevm or asphalt. Ye preduce 500-400 tons 
annually and import 10-14,000. 

varhite deposits that have received some attention also occur in 
the apatite district of Quebec and Ontario Canada, and a small mine Was 
Opened wears: foci ot. woh, Jwre. 


AMERICAN LEPRRATORE: 


Denosits of Graphite in New Grunewi~gk.  A:- 0% Ss. Teale 
220. 

Re Bock & We. lvgi. Ueber die Bildung von Grophit.bel der Uchtactmeta- 
morphosie.: N« Ju 2891, L1, 26. Abundant’ refercicies toe German 
work. 

Jo We Dawson. On the Graphite of Laurentian of Canada. O Jy Ge Sy 
RAV, 4065 alison hS6.9, ts» Ls aiid Bu wo Gwe iw ut os saiee. 

Pp. Praser« Kebations of the Graphite deposits: of Chester Cow Pay to 
theweolkdgyr of the focks Containing theme Me i. So, 176. 

Che Hotigann. Chem. Contribs tothe Gsols of Canada. On Can. Gvapu— 
tees; Rep. Prog. Can. Sumy. 287647 fy 0. 2a9-o ke. 

Pe ie Nason. On old mings Ticonderosa.., Bold. Gye 2226 Net eee 
‘tus eum. 

Js ve Newberry, Origin of Graphites Sih of Dh %.. Vili oS, 

Ha Ge Verinor. ».G. im ‘Buckingham, Ottawa Co. Geol, Canada, IS76=77y Ds 
508+ Also 1875-74, 103. 

J¢ Ase Walker.( general Avtiche. (‘Good One. Me oe’ Be Wout. Serta we. 
So, Pp» dees 

. Vacation Notes on N. N. VY. Ticonderoga traphite. Tw & 
Jour. Aus 24,89, Jo. obbes 
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gLLON: 


Ferguson. Plumbago Industry of Ceylon. Colombo 1881. 

Ve Rrenp borane! Ye desdic Ge -Ge SES a, 

Je Walther: Ze da dei Ge G. Kade 659). 1889.) Nene>s Jahote iso ae 
Salar 

Dir He lLennent. Ceylon. 

JF. Sandberger. Beitrag zur Kemmtniss des Graphits von Ceylon, und 
senier Besleter. NN, a 1867 ie dee 
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CHAPTER V.. STRUCTURAL MATERIALS, INCLUDING BUILDING STONE, SLATE, 
LINES AND CEMENTS. 


a | -d 
~ ~ = ~~ 
2 a ita 
ee vs 
al 
= —s joes ao 
— — 
pea ae SOs 


INTRODUCTGLY. Almost 211 the common and some of the uncommon 
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kinds of rock are used as building material and yet the reasons for 
~such selection vary widely. We may say that the influences govertjine* a 
cho1¢ge are usually the following in this order of importance i. Cost. 
2, strenghh. 3, Durability. 4, Beauty. 5, Nashion. The cost depends on 
a variety of causes such as nearness of quarries, development of the 
quarry industry, the structure and texture of the stone, and the Tikes 
ane first of these 1s @ question of transportation and is intivenced 
also by water or rail connections. The second “involves the preparatiayw 
of the stone. An old established industry though at a distance may af- 
ford cheaper material because it has dressing machinery, skilled labor- 
ers; and everything developed. Quarries are exnensive enterprises to > 
inaugurate as they require much dead work. Quincy, Mass. e@ranite for 
instance has been taken to Minnesota with economy via the lakes and Du« 
luth, although there are local granites Detween Duluth and MinneAdelas. 
The strueture and texture of the stone are 2n¢idests oF Quarry ins and 
working» By the former we mean the larger physical structure, whether 
atratified or méssive, Whether supplied or not With Convenient joints 
that facilitate the removal of goodly blocks and save dressing, whether 
splitting easily or not. By the latter we understand the adaptabitiicy 
to tool treatment and hand dressing and it especially coneerne stone in 
its ornamental employment as in carving and polishing. A homogeneous 
fexttre- is often of vital moment. Uhe Strengtm as ean impertant facror 
in the choice of a stone for any structure but in small edifaces it 
does not signity as much. Tt 28s usually expressed an the number of 
pounds per square inth under Which the stone Crushes in a testing mae 
chine. TIrecautions are to be observed in this estimation ac’ Tollows. 
The blocks should be fairly true cubes, though not mecescarily am ineu 
on an edge and the opposite faces must be parallel. To give an even 
pressure some medium is interposed between the faces of the machine and 
the blocks; such as plaster of paris, sheet Lead, or book Dinders board, 
In the School of Mines testing the method is to polish the facesqgtnae 
come next the jaws of the crusher to parallelism within 2005 of am Tach 
and to crush with no medium interposed. Two inch cubes are now most 
commonly employed. A higher result is also gained with larger than 
with smaller cubes and the readings may be reduced according to Gill- 
more's formula (y=pV¥x_ wherein Ye pressure per Square inch in block of 
desired size. = lenzth of edge 6f block required 10 berms of sdee of 
block tested. p= crushing strength in pounds per square inch of block 
tested. Expsrience in the School of lines does not corroborate this 
formula). The crushed block yields an approximation to two cpposing 
paraboloids and a variety of side flakes. It makes’ some difference al~ 
so whether the cubes are crushed across or along the bedding if there 
be one and the first direction shovld be sought. The gSeneral Fenge is 
from the extreme minimum of 353-4000 Ibs. per sq. inch for Weak, sand= 
stones up to 15000-25000 and the extreme maximum of 34000 for granites. 
The last figures are from so called blue granite or elaeolite syenite 
of Fovurthe Mountain, Ark. The specific sravite is Another point or 
value in this connection. It is usually expressed in pounds per cubic 
foot, or in cubic feet per ton. The first is of eovrse obtained by 
multiplying the specific eravity by 62.5, the weignt of & cubic: Toot oF 
water. This ranges from an extreme minimum of 120 (sp. gr. about ime) 
for very loose sandstone, to 180 (sp. gr. about 2.9) for basic traps. 
Granites run generally 160-170. pers on Values make of course some= 
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what heavier material to handle. The absorption of water is also an 
important point, for a high absorption is a bad thing in cold climates. 
It is expressed in the ratio. of the Weight of water absorbed to the 
weight of the dry block. It varies witn the texture of the stone; por= 
ous sandstones are very high, reaching 1/10 or more, While commact 
crystalline rocks may be 1/300 or.less:. Iteds obtained bY Weienins dry 
and then soaking until an approximately constant weight results and de- 
termining the increment. Rovnded pisces of 1-2 ovnees are used, and 
are allowed to soak 24 hovrs. - They are then dried quickly With fi2ter 
paper and weighed. A second soaking for 24 hovrs follows and a new 
weighing. If the two results are approximately the same the Jast is 
taken for the calculation. 

Durability is a very important point in 2xpensive structtres which 
are meant to last. Our ¢climats is a trying ene on stone and material 
thet lasts indefinitely ina clear dry air and equablEe tempsrature; 
scales rapidly here, as has been the case with the obélisk. Frost is 
the g@reetest agent of disintegration and acts throvgn the agency of Wa- 
ter. Porous stone thus is objectionable. The expansion and contrac= 
tion from quick and extreme changes in temperature ars also impor*ant 
causes of Internal Strain: Uany artificial tests have Deen Ment loaned 
as trials of these, such as soaking the sp2cimen in a solution of some 
easily srystallizing salt (i.e. Na SO }) and drying. Then-sprarving 
off the disintegrated material and weighing it. The specimen may De 
soaked and frozen and for this purpose in warm weather, cold storage 
warehouses may b2 used with advantage in cities where they are avail- 
ables  Uxpsriments by L. Mel. Luquer, to be published in the Sehool of 
Mines Quarterly for 1895, indicate that the sulphate of soda test is 4 
Severe one, as compared with frozen water. The specimen may also be 
heated and chilled and watched. But the best test of all is experience 
and if ay old building Gan be found, or 4 tombstone, of the oubcron oF 
ths quarry soma usertul data may be obtained. The process of decay or 
Weathsring will bs described under each kind of rock. The atmosphere 
of citiss is comparatively severe on stone. The sulphvurous fumes from 
burning coal seem to have their effect In the ons rum especially on 
limestones. The growth of mosses and other vegetation also gives rise 
to organic acids which in damp corners cause injury. Several artifie 
cial preservatives hav2 been designed as praventives but their mention 
is hardly appropriates here. Resistance to fire has become of increas~ 
ing importance in modern times. The nearer a rock approximates pure 
quartz the mors refractory it is. Granites fuse in severe conflasra- 
tions ard limestones spall off or calcine. Sandstones in these res= 
pects are least fusible and of sandstones, those with siliceous cement- 
ing material. 

Bsavty in a stone is @ grsat point im its favor and the item is 
seriously considered when limitations of axpense do not prevent. The 
special features of individual kinds Gan be Dest Hichtioned in ther 
Yarticular tr sete. 

Fashion largaly determines the choices of a stone. Years ago New 
York used white marble, while today the large buildings are prevalLling= 
ly granite, or brick with stones trimiings. But evidences is not Lacking 


that marble is again coming into favor. 
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In the discussion of building stones, the general zeological 
Classificetion of rocks is followed. Accordingly the ignecus rocks, 
including however the gneisses, are first taken up: and next the sedi—. 
mentary ard metamorphic in this order, the sandstones, clays and 
slates; the limestones, mardDles and serpentines. As a general rule un 
der each, the eastern or more fully developed states are first trsated, 
and afterwards the western. Very full details of localities are zsiven 
in Vol. 2% Of the 10th Census in Gs ir. Merrill's valuable treatise en- 
titled Stones for Building and Decoration (Jiley, 1691), and in the 
volume’ on. Tinsral Industry, lth Census, arti¢ie Stone by im. Cz Daz; 
There are very complete collections at the Uattonal Museum, Vashington, 
D. C.y and In the American lluseun of Natural History, Central Park, N.Y. 

Some idea of the amount and relative importance of the industries 
in the various kinds of stone may:-bé gained from the llth Census ‘hich 
related to 1889, and reported a total of $53,035,620 of stone. This is 
an enormeus increase over 1879, which was less than 319,000,000. The 
recent hard times made the totak for 1575. 355,865,575, She several 
stones ranked as in the table. 


1889. eee 
Limestone. °19,095,179 SiS, 947 92% 
Granite. 14,464,095 8,808,954 
Sandstone. 10,816,057 5,195,151 
Marble. 468) 170 5 47% 090 
Slate. 3,482,513 2,523,173 
Bluestone. dor yrs Che, 1,000) 000 

853,035,620 33,005,573 


Bluestone is a trade name for the flagstone used in New York-and 
neighboring states.ivlt really is a sandstone. 


IGNWOUS. The Ortheclase Rocks and Gneisses. These occur as 
knobs, bosses and great intrusions cr surface fldvs in all geclogical 
formations, but especially in the Archean. There BES been hovever in 
the past a gen2ral tendency to regard granites and gneisses as Archean, 
although they may prove later. As regards building purposes, granites 
are much the most vridely used. Gneiss, which in its commucnest variety 
differs from grdnite, principally in the laminated or banded, arrange- 
ment of its mingrals, is placed in.the same group because it Is called 
granite in the trade. Gneiss seems often to have been formed from 
granite by the great pressure atténdant on mountain upheaval. 

Granites are thoroughly crystalline roe¢ks, of a general even or 
uniform texture due to the constituent minerals being all of the same 
Size. This is varied sometimes by the exceptionally large.sijize’of in- 
dividual feldspars, or by the segregation of dark silicates in J sypal, 
nvoporticns. The consryztuent satin CT are feldspar, orthoclase and 
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oligoclase and at times albite, quartz, and biotite, muscovite or horn 
blends. Of the last three, biotite is much the most common. It is ofte 
en accompanied by muscovite. Hornblende may be practically without the 
other dark silicates but it isetasvually has biotite With we. In addia 
tion to theseca little pyroxene occasionally appears, small grains of 
magnetite are alvays present, and microscopic zircous, agatites and ti- 
tanites are almost invariable» Pyrite is net vnfortunitealy not rare in 
small amounts, and is the constituent specially injurious. On chemical 
analysis granites are found to contain from about 65 % Si 0s as a gene 
rak Mininium to about 75 Z as a maximum, altboveh both Limite may be _. 
passed in exceptional instances. Alumina ranges from a maximum of ata 
bout 17 % in those lov in silica, to a minimum of 11 or 12 then tne sit 
ica is high. The iron oxides are both present and from 145.4% to ese 
than Bis Lima varios from less than one to about 69. Nagnesia s3ldom 
reaches pin The alkalies, potash and soda, range from AG Oo So. 
sometimes one sometimes the other being in excess. Fresh granites af- 
ford less than 1) % water. There may b2 a few hundredths of one per 
cent. of sulphur, and a few tenths of manganese. In judging of analy- 
ses, practically no sulphur, and other things being equal high silica, 
are advantages. Of the constituent minerals the feldspar is the mosce 
abundant and influential and on its color the color of the stone chief- 
ly deponds. It may be white, @Pay or red. Quattz exerts but Sirede 
influenes, for it simply transmits Phe-Colors of the- otters. Biavite 
and hornblende tend to give the stone a darker shade but they are less 
potent than the feldspar except in very basic granites. When in-.undue 
aggregates they occasion unsightly blemishes. The quartz and feldspar 
take th: best polish, mica is of small value for this and hornblende or 
pyroxine are apt to rub out because of easy cleavage. ‘the texture va-~ 
ries fror coars:; to fine, but fine granit?s are apt to be more durable, 
although less beautiful. The greatest excellence is a homogeneous and 
uniform texture. 

In the quarry granites are notable for the even rectangular joints 
or planes of Weakness that traverse them and that faeilitate ths remov= 
aloof the bloéks« The stronger of the two vertical ones ks Called the 
Yitt, the weaker the eut off.and.the horizontal one the fite.: tae 
cause of these is not. well. understood but RK. S. Larr nas found that wre 
croscopic cracks cross the component minerals in corresponding lines 
(Ae Je Ss Apres 18915 p. 267). Granites also have a peculiar tendenc, 
to develop exfoliation on a grand scale and to corie off in horizontal 
sheets. These are referred to expansion and contraction from the sun's 
heats They afford the benches famitiar in.all quarries, Uranites al 
fer under the atmospheric agencies by the physical action. of Trost aid 
by the chemical change of the component minerals. The feldspar, a sii 
icate of potash and alumina, becomes fine scaly muscovite, or kaolin, 
the latter a hydrated silicate of alumins. They lose their crystalline 
character and change to earthy aggregates. The dark silicates alter to 
chioritse and their iron affords limoimit.e. The Fock tends to Crumbie a= 
way or sCale off and im fiature affords finally the egraine of quartz 
sand for sandstones and the earthy materials of clays. the decay of 
the feldspar was called by Dolomieu the "maladie du granit", a much 
quoted phrase. Nevertheless granite as rocks go, is one of ovr most 
durable stones. It is also the strongest and has now the preference 
for jiarges buLldings. 

(Lacs) 








The greater part of the granite is produced in the New England 
states and ten years ago the statement had even greater- force-thar to 
day.» But the accompanying figures will be most suggestive. 


1889 LOOS 13889 ESOS. 
Massachusetts $2,503,503 $1,631,204 New Jersey $425,623 $373,147 
Maine Deneow Oo? G$,2745954 Minnesota S56 «7S2 270-,296 
California L629 {02S Dol, O25 Virzinia 552,048 LOS, 70S 
Connecticut by, O62 «202 652,459 Colorado Si 6h TT wlS2 
Rhode Island 9S .2k6 509,799 .outh Dakota 504,673 27,828 
Georgia 752,481 476,587 Wiseonsin 266 ,095 133,220 
New YVampshire ene OO 442,424 New York PEP GES 181,449 
Pennsylvania 625s 202 206;493 Delayvare Sd 4 LOA. 24145 4 964. 
Vermont sro ow i: 778,459. Hovth Carolina 146,627 Tepeeerigeik Chk 
Missouri 500,642 588,803 Others J9:,014 150,279 
Maryland 447,489 260,855 Total $14,464,095 8,808, 934 


Although We ordinarily think of Sranite chiefly as a building 
stons, yet the statement has been made that, the world over, the great- 
er portion of that quarried, is broken wp for paying blocks, tn dca? 
about one-third of the output of America was.Uused in this way. The 
Quarries. along the Atlantic Coast are first taken up. 


Nev Brunswick and Nova Scotia. At St. George, Kings Co., north of 
St. John, a red granite is quarried which is usually called Bay of Fun 


dy granite. It has been to a small degre: imported into the United 
States, but is apparently but slig’tly worked today. Gray granite has 
also been obtained in minor amounts at Shelburne and-elsewhere in Hali- 
Fas CO. ; 


Go F. Matthew. Granite at St. George, N. B. Géol. Survey Canada, LE76 
-~77, SAD: « 


Maine. Great intrusions of granite are found all along ths sea- 
coast of Maine, and on its numerous islands. The stone lies in such 
convenisnt situation for economical shipment to Atlantic ports that if 
has been extensively opened in many places. Red granite, is obtained 
at Jonesborough and Calais, far. to the eastward, but the general run is 
gray or slightly pink. Blocks of enormous size are obtained.Merrill m 
mentions one 300'x20'x6’ to 10'. Many other Maine quarries furnish 
blocks as large. .Dix ‘Island granite was a famous one in its way but is 
now worked out. fhe Hallowell biotite-muscovite granite is especially 
adapted to monuments being of very homogeneous texture, Many other cut 
quarries far too numerous to mention line the sea coast. Paving stones 
are also an important portion of the quarry putput. The refuse when 


rocks 


sufficiently large is worked up into, them. 


G. P. Merrill. Stones for Building and Decoration contains the 
best account of Maine granite, p. 184. 


New Hampshire, is populariy known as the "Granite State" from the 
large proportion af it that is formed by this rock. The best known — 
quarries are near Concerd and yield a light gray stone that-splits with 
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zreat ease and regularity and is extremely homogeneous. It is a musco- 
vite-biotite granite and is specially adapted to monuments but is also 
employed in building. There are many smaller openings elsewhers3 in the 
state and much gneiss is locally used. 


G. Ws Hawes. Gedlozy of N. He Vols Til. Mineralogy and Lbitholory. 


Vermont. Granite occurs as intruded masses in Vermont which are 
thought by Hitchcock to be not earlier than the Upper Silurian. The 
largest workings are at Barre and are very extensive. ‘The stone is re~ 
markably homogeneous and is prized for monuments and decorative work. 
It is a biotite-granmite. Excellent granite of @ Light gray color is 
obtained near Battletoro in the Black Mountain qparrics. It bréaks in 
_rectangular blocks and has a fine color, lIlvumerous. other granite quar- 
ries ars operated to a less dezree and some in gneiss. Vermont is best 
known for its marbie and slate. 


Massachusetts. The quarry industry is important along the coast. 
Cape Ann contains many openings. The granites are hornblendic and are 
often called svyenites especially at Ouincy. The Gloucester and Rock- 
port stone is gray to greenish, the Quinney is & bluish or greenish 
gray. The latter is rather coarsely crystalline and has a péculiar 
transparent effect when polished. One seems able to see several inches 
into its It is the most used of any monumental stone. Tne quarrice at 
Quiney and West Quincy yield more granite annually than any other equal 
American tract. Many other towns have quarries of minor importance. 
An epidote granite is quarried at Dedham - an exceptional mineralogical 
composition. A finely crystalline granite of a bluish eray color, and 
of exceptional strength 2S obtained at Chester in, tne contral part of 
the state. Gneiss has more than local importance at Monson on the New 
London Northern R. KR. It splits with wonderful facibity.” We Hoe Nites 
mentions a block taken ovt in 1869, 354° x 11' x 4'. When free from 
its bed it expanded iif/e" and could not have have been put back, show- 
ing a local ‘strain: im the rocks « 


Je Fs Kemp. Note on the Chester Granite. . Trae. Tie aon Acad. Sen, Ar 
126, 1892. 

Me Es Yadsvorth.. Nots: on the Petrography of, Suiney and Rockport. 
Bost« Sod. Nat. Hirst. AA SOF besa 

Ge Pet Morr. OD. “Cita a 194. 

N. S.: Shaler. Geeleey of Cape “Anns Ninth nny Rep. Dirs Us pe Ge ee 
De DOr s 


Rhode Island. The principal quarry industry centers about Wester- 
ly. A remarkably homogeneous stone is afforded which in its best 
grades is only used for monuments and the like. It is a biotite-gran- 
ite. The same rock outcrops at Niantic and not a few local quarries 
are opened in other sections. 


Connecticut. Long Island Sound furnishes water transportation for 
many quarries along the coast. The stone afforded is alse o1 an excel~ 
Lent eharacter and in several places is quite largely taken ovt. Mill- 
stone Point near New London is oy ce of a large industry. The rock 

LS 








is a fine-grained, light gray stone. lhocal quarrias in gneiss-are nv~ 
merous throvghovt the gZate. At Lyme, near the movth of the Connecti- 
cut river, a beautiful red porphyritic granite was formerly quarried 
but its feldspar was so coarse that it flaked off on sharp edges. A 
red granite from Stony Creek just east of New Haven is considerably -en- 
ployed. 


George Rich. The Granite Industry of N3w England. New England Maza~ 
gine, Heb... L392... pe 742. 


New York. Some quarrying is done on the granites and gneisses of 
the Highlands along the Hudson River and many paving blocks are made. 
The rock is gray and appears to be a very good stone. The knobs of 
granite that constitute Nts. Adam and Eve near Warwick in Orange Co. 
have been developed to some extent in late years. Quarrying operations 
have also been instituted in the green plagioclase rocks of the Adiron~ 
dacks near Keesville which although not properly coming under the cr- 
theclase division yet pass as granite in the trade. They furnish a 
very beautiful stone that is of an apple green color, somewhat marred 
in large blocks by spots of dark silicates. Among the Thousand Islands 
are some exposures of granite which are extensively worked. Those on 
Grindstone Island are best known and afford a hornblende-granit> with 
great amounts of red orthoclase, that give the stone a beautiful warm 
red color, when polished. The markets are in the West and Canada. 


J. F, Kemp and Arthur Hallick. The Granite at Mts. Adam and Evs and 
its contact Phenomina. Annais N. Y¥. Acad. Seis Vili 636, Hega; 

J. &, Smock. Building Stone in the State of New York. .2uills Vols Sos 
&, NN. ¥Y. State Mogoum, p<. 25. Vole LE. Noe Ben kee 





New Jersey, Pennsylvania and Delaware although containing much 
Sneiss produce it only for local use. Marvland has numerous openings 
in gneiss and one biotite-zgranite at Voodstock near Baltimore. it Is 
much employed in the neighboring cities. 





Virginia contains many exposures of granite some of which are 
quite extensively quarried. The productive regions are in Chesterfield 
and Dinwiddie Counties near Richmond. The stone is a biotite-granite 


of a gray color much resembling those of New England. The Stats War 
and Navy building in Washington is built of Virginia granite. 


North Carolina, is rich in granites of many kinds but as yet they 
are only quarried for local use. G. P. Merrill in the work oft an re- 
ferred to gives a number of localities. Much the same is true of South 
Carolina but the lcead~demand for the stones has not prompted as yet ex- 
tended developments. 


Georgia. A very extensive granite industry has sprung up at Stone 
Mountain and Lithonia, 20 miles or so cast of Atlanta. Creat domelike 
knobs of bare granite and low, rounded bosses furnish inexhaustible 
supplies of a gray varicty that splits with remarkable exactness into 
cubical blocks. its development has placed Georgia sixth on the list 
of producers. 
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Wisconsin and Minnesota. Archéan exposures of granite are promi- 
nent in the states around Lake Superior and in Wisconsin end Minnesota 
have beer wrought. The available outcrops are however long distances 
from “the lake shore. Monteilo, Wiss, which is in the westerm centvel 
part of the state affords a hard pink granite. Vast areas are formed 
of granite and related rocks in Minnesota. The quarries as yet opened 
are at St. Cloud on the Mississippi above Minneapolis. Both gray and 
red granites are afforded. . 
ts O.. Chamberlains GWeolosy of. Wisconsin, Vols Ja cis, Cn 
TruesdeLl. Building Stone of Minn. Jour: Assoc. Engs Sot June 1885, 

Os 002s 
1. H. Winchell. Comparative Strength of Minn. and New England granite. 

| A. A, A. S.. Mivineapolis Meeting, T2th. Amn... Rep. Minn, Geol. Surv, 
be 14, Penal Rep, do. Vol. te pe Be. 


Missouri. The granites and porphyries of southeastern Missouri 
are prolific sources of stone. They are mostly red in color although 
eray varieties occur. They are poor in dark silicates and are chiefly 
orthoclase and quartz. Very large quarries are in operation at Gran- 
itavilie, Iron county and at Knob Lick, St. Francois Co. These sran- 
ites are also of extreme value in the large cities neighboring to them 
for street paving. They are the only hard rocks within easy reach and 
are nuch used under heavy traffic. for the general geology of the re 
Zion see pp- 59-61. 


EH. Haworth. On the general Petrogrophy of the Region. Amer. Geologist 
Ts £280 & 865. Geols Survs Moe Bulde 7; 189s ‘See also Iron Mtn, 
Atlas Sheet and accompanying description by Haworth and. llason, p. 
LG... LSW4... 


Arkensas. The syenites of Fourche Its. near Little Rock are im- 
portant sources of building stone. They are the strongest granite rock 
yet tested in America and are being extensively developed. They supply: 
a gray and a blue of excellent character. The rocks are of late—Creta- 
ceous Age. 


Je 0. Branners Stone, Cette. BSS9: 


Jo F. Williams. Igneous Rocks of Arkansas. Ann. Rep. Ark. Geol. Surv. 
1890. Vous Ei Pe 59% 


Outerops of granite oecur in Indian Ty. net yet wtilrzed and in 
Texas. ‘The latter have been quarried to some extent for state build 
ings in Austin. The granite is a gray bidctite-granite. in Burnett Cos 
is a Well known coarse red granite. | 

Granites are abundant in the Rocky mountains but have been only 
slightly utilized. A coarse gray biotite-granite from Littie Cotton= 
wood Canon has been given some fame by having been employed in the cons 
struction of the Mormon Temple at Sait lake City. It is an excellent 
stone and can be oktained in ereat quantity from loose boulders DdDefore 
the ledge is touched. * In the other states of the Cordillera region 
granites are known to oceur in inexhausvible amounts but the building 
of Larze structtres has mot yet ae them. 
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Califcrnia is an exception. Quarries have béen operated for many years 
at Rocklin and Penrhyn, Placer Co. along the line of the Central oath 
oo Miles east of Sacramento: At FenrAyn it is “a hornblenve bictite es 
ite, at Rocklin & muscovite biotite granite. Calif~fomeia inports tron the 
east and Scotland great quantities as well. 

A, We. Vackson. Burlidine Stone of California, Kept.or tne Stave Mineral — 
OgESt for L666, pvSSs. 

Jy Js Cravtord. i2th Annual Rept. Stave tin. ost pce, 

Canada of bones contains in its extended Archaean exposures vast 
resources of granite. These are utilized in a number of places. Inthe 
same region as the peer ee on Grindstone Island, NiY. are others in, Can- 
ada affording red granites. A red hornblende granite well known along the 
Atlantic seaboard is the so-called Bay of Fundy sranite from ot. George, 
Kine’ s County, 1.Bs, as has been earlier mentioned. Ft resemiies. uke 
Tani rar scotch eranite from Peterhead Scotland that a@iso enters our 
ports A‘granite is imported from Aberdeen, Scotland. 

On Scotch’ ‘and mee SYanites Harris,¢@.). Granite and our Granite In} 
dustries. London, Crosby.,lockwood & S6n,1660; Also "Building 
ee ee in South Kernsineston Educational series, Ft.t1t 
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These are much contrasted with granite because of their darker col- 
ors. Trey are also seldom provided with the convenient planes of wealk= 
ness that facilitate the duarrying of granite im S0 mMerked Gegree. Ther 
dark colors tend to give a very sombre tone to the buildings into Which 
Lucey SnLer They are thus far less used althourch in instances where a 
dark color is desired for certain erfécts as in monuments they are employ. 
ed. Diabase, dioritée and. norite constitute the varietics. The only in 
portant source of norite, Kesseville,N.Y. has already been mentioned. 
Diabasé is chiefly prodticed at. Addison, Me: and to a less degree at 
Vinalhaven and Tenants Harbor. It goes by the name of block granite and 
at Addison breaks welll in the Guarry, The Triassic diabases azote the 
Atlantic seacoast are the other chier sources of these rocks but they are 
only worked in a very subordinate way. Their chier valve meogin their 
adaptability to paving blocks and macadamizing material. For these pur- 
poses, especially the latter they serve admirably. A gneissoid sabbro 
is taizen out in Delaware and is somewhat extensively shipped. <A gabbro 


is somewhat extensively broken near Duluth and placed on the market as 
Duluth sranite. Certain dicrites on the Hudson River have likewise at* 
tractGdesome prospecting but except in the localities referred to, the 
dark roeks are only uwséd for local Fough Work and paving. 


THE SEDIMENTARY: ROCKS . 
ed under the following heads: Sandstones, Clays, 
Ss, including ifarble; Serpentine. The metamorphic 
placed with their originals. 
amount and value are concerned the limestones are the most 
prominent building stones of all the rocks. They are obtained almost 
entirely from the laterrPaleozoice or Mesozoic Formations and are thus 
generally developed in different regions from the granites and erystal- 
line rocks. ‘Ine coumtiry over, a rocks constitute the great bulk 
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of the sedimentary series, and sandstones form a large portion of them. 
pandstones are often called freestones from the ease with which they sub. 
mit to tool treatment. In SxXtreme. cases they are the weakest of rock 
materials under pressures, but in 200d grades are Sufficient, stnonge fdr 
all ordinary uses. Some varieties are soft when quarried and may almost 
be sawn out, but on exposure they harden to durable rock. The quarry 
water is thus an important element in‘ working. In cold climates, quarry 
operations are Suspended in winter as &@ frozen, stone is almost unworkanis 
@andstones in most cases. consist of quartz grains but with these are of 
ten. found grains of feldspar, mica and te common rock making minerals. 
Extremely feldspathic varieties are called arkose.. The erains at. times 
give some clue to the Original rock mass that furnished them. The #raing 
are in all cases held fonether by @& cement which 18 either siliceous, 
calcareous or Yferruginous. The first erent is due to a secondary deposit 
of quartz and Chis often. continues. the crystallosraphie propertics. of. the 
original graim. it forms the most Gurabie ;emens and 26 ahe one tobe 


j-- 


preferred when que TaN A calcareous cement is due to a secondary depos- 
Lt Of calcite. It Indicates 2t5 presence: by eltervyescins.witn acids. ft 
is the weakest and least durable cement. Ferruginous deposits also bing 
erains together in rarer instances and then sive the stone a strong red 
or yellow color. In deep colored sandstones the ion oxide enters. into 
the SilLica.or caleits, that Durnis ! though it may be lit- 
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tle more than a coloring agent. ndstones are white, bluish-gray,green- 
ish, brown, red and bufi, due to the absence or presence of iron, Feo «4 
causes blues; Fe » Oz » browns, reds and buffs. Sandstones with much ar- 
gillacecus atter break readily into thin but tough slabs and yield flag- 
stones. The quarry districts arc taken in order fro om east to west. 

New England. There are few available sandstones in this section 
because the trystaliine rocks so.largely prevail. The pink Cambrian 
quartzite near Burlington, Vt. supplies considerable for local use, The 
Triassic estuary deposit however, that stretches from Long Island Sound 
up the Connecticut valley to the Vermont line kas ee important quarrying 
regions that ship stone all over the country. The product is the famil-— 
iar Down. stone of O@F ALLER LLG Crees. | ee Mass. supplies a 
fine-gru.sned and easily wrought stone of a deep red color that is much 
prized. . 1% is. of rather finer eprade than the Portland stone. ine, satter 
comes from. Connecticut, on the river jus 1 ite Middletown and is the 


basis of one of our Larges? quarry igus 


es. The bedding is very heavy 
and it is stated that blocks, LUOex BOs 20 C 


san be taken owt. the quar- 


ries in Sis ee are 150) deen... Uhe. Sone in Gis. the lag etal deposits 
is. in large 2s:part wig ane and formed by the crosion of the neighboring 
loosely textured ales and 
scales off under the action “ar frost, when set on edge as a.veneer, the 


+ 
Archaean ne Sees and schists. dt is Lager 
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plan generally pursued in New York. poet all bedded rocks it only gives 
tb results when laid wp in a well as it Occurred Im the, Guarrys so 

that the pressure comes normal to the ee planes. The decay of brown 

stone in New York has esBetdally drawn attention to this weathering of 


New York is for the moment. passed over in order to speak or she 
other quarries of Triassic stone-in New jakeae and Pennsylvania. There 
are scme small openings of the Trias near Nyack, N.Y. but the next im- 
portant developments are met further south in the-beit that begins at , 
Haverstraw and runs.ecross N. Y. and southeastern Pennsylvania. The 
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quarries are very extensive at Belleville, a suburb of Newark and at 
Passeic. - The stone varies somewhat in the different beds and the good 
material is separated by shaly layers, 20'-30' in all of available stone 
are obtained. Some quarrying is also done in New Jersey along the Dela- 
ware River, and then as the Triassic exposures cross into Pennsylvania 
very important industries are based on them. A series of openings are 
found near the river but the largest quarries are to the southvest, at 
Hummelstown, in Dauphin County, near Harrisburg. As much as 70 ft. of 
available stone are exposed in some. The rock is quarried at one point 
in Maryland and furnishes a very good grade. This is in Monteonery Co. at 
the mouth of Seneca Creek. Virginia sontains openings in the same forn- 
ation near itflanassas and on other Triassic belts in North Carolina some 
stone is taken out. ot 

New York. There are three important sandstones in New York, one *? 
Potsdam, in the Cambrian; another, the Medina, at the base of the upper 
Silurian; and the third, the’ North River bive stone in the Devonian, 
chiefly Hamilton. The Potsdan is a very hard red quartzite and is ob— 
tained on the western or northwestern flanks of the Adirondacks. It 
breaks in the quarries by natural joints and . bedding planes and re- 
quires little dressing, which is fortunate as it is-extremely hard. 1% 
has long been regarded as thé ideal of building stone in strength, dura, 
bility and.fire resisting quality. The Medina sandstone Torms the south 
shore of Lake Ontario from Oswego to Lewiston. The best stone begins 
however at Holley, 20 miles west of Rochester and extends to Lockport but 
inereases in hardness toward the west. The availabie rock Varies some= 
what in thickness at different points reaching as a maximum 30’. It is 
riostl: a pleasing pink, but shades to white and has a moderate ardness. 
It is one of the most beautiful and admirabie of buildings stones ang es 
the quarries are generally between the N.Y.Central Railway and the Lrie 
Canal, transportation facilities are good. Almost all of it goes west 
and strangely it is never seen in New York. All the refuse of the quar- 
ries is broken for paving Ss voNe. 

The North River blue stone or flagstone comes mostly from the Han- 
tlton series of the Devonian, although found as well in the Portage. fhe 
larcer quarries are Situated in Ulster and Sullivan Counties; but avast 
able stone is found further west and also in Pennsylvania. The stone .is 
a very argillaceous sandstone and owes its thin bedding to the clayey 
material present in it. The good rock is in the midst of useless shales 
ang i6 exposed by Stripping. It lies very Pilatcand is merely pried up. 
Wnen thick it may be used for underpinning. Essentially the same rock 
is obtained in Wyoming Co., Penn. and known as Yyoming stone. 

J. GC. Smock. Building Stone in New York. Bull.3, State Museum, Albany 

L888. Bulletin 10. Le90.. 
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PENNSYLVANIA. The principal stones of Pennsylvania are tae “riassie 
brown stone already referred to and the blue stone just mentioned. some 
local stone in the carboniferous system is good and at several places, as 
for instance Curwensville in Clearfield Co. is quarried and shipped to a 
distance. 

OHIO is the only other state east of the Ilflississipvi possessing 
sandstones worthy of mention in this connection, but 1ts quarrics are” whe 
most productive in the country. The Berepn Grit of the Subcarboniferous 
is the principal formation and affords the stone Gf northern Ohio. fe 

(120) 








outcrops as an cld abandoned l11ke shore south of Lake Erie and presents 
very convenient exposures. The stone is light colored and quite, soft. 
It has little cementing material and in its softest examples is vorked 
into grindstones. Some 50' are available for one purpose or the other 
favorable exposures. Amherst, Berea, East Cleveland, Elyria and Inde- 
pendence are the chief centers. At times the stone is buff. In south 
eastern Ohio near Marietta another sandstone in the upper @arboniferous 
is much used, 

EE. Orton. Heonomie Geology of Ohidg,  Volev: 
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INTITANA. Much sandstone for local use is produced in Indiana from 
the base of the Coal Measures. 
J, Collett. Twelfth Apn. Rept: otate Geol. 1862. 


WISCONSIN AND MICHIGAN. The red sandstones that form the shores of 
Lake Surerior on the south side have lately proved important sources of 
a fine building stone. South of Bayfield in Wisconsin they are extensive 
ly wrought. Again on Keweenaw Point at the eastern entrance to the Port- 
age Lake Ship Canal there are very large openings. Nine feet of solid 
stone occur amid shaley layers. The color is a warm red, at tines mot- 
fled With white. 
H. G. Rothwell. Sandstones of Lake Superior. 


MINNESOTA. has much good sandstone. At Ford du Lac are excellent ones of 
ared color and in the southwest are purplish red quartzites which thouecn 
hard give beautiful effects when polished. 

Ny Be. Winehnell. “Binal Rept. Wolwt. 


COLORADO. has of late years been developing extensive wuarries. 
They are mostly of red sandstone from the Trias beds which are so well 
exposed in the eastern foot-hills near Manitou. Further north in Larimer 
Co. the stone becomes cream colored. Other Triassic stone of a salmon 
color comes from Glencoe near Golden and is shipped even to Chicago. 
Light colored stone from the Cretaceous is obtained near Longmont in 
Boulder Co. and near Canon City. Excellent red Triassic stone 1S Quarries 
along the Midland R.R., on Frying Pan Creek in the western mountains. 

red 

SOUTH DAKOTA furnishes a good grade of,quartzite from near Sioux 
Falls that is very hard and durable. The Hdgmont Stone Company in the 
Black Hills region have a warm yellow sandstone of pleasing color. 
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CALIFORNIA has many beds of fine sandstones. They are beginning 
tO be extensively developed and descriptions by A. W. Jackson will be 
found in the Report of the State Ilineralosist for 1887 @ Lee8, The quar 
ries of other states are not important enough to deserve further mention 
here, but much fuller details will be found in @.-P. Merriii"s. “Stones 
for Building and Decoration" | 
Wiley. “c91 


NEY BRUNSWICK. Considerable amounts of an olive green sdndstone from 
the lower Carboniferous beds of Dorchester, N.B. are imported along the 
Atlantic seaboard and considerable also of red sandstone comes from Dum- 
friesshire, Scotland, being seas sae Carlisle. 

Lake 
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CLAYS AND: SLATES: 

General papers. Local References follow unaer localities. 

Brackett & Williams. Newtonite and Rectorite, two new minerals of the 
Kaolinite’ Group A.weoa5 uae nes A PLL. 

W. H, Brever. Suspension and Sedimentation of clays, Ac! Sv 442,’ Rox, 1. 

G.H.Cook and J.C.Smock. Report on New Jersey Clay beds, 1878. 

W.0O.Crosby; Composition of the Tilt or’ Boulder Clay, . Bostom Soe, Nav .Hist. 
KRV5- Lbs 21690) 

C.¢2.Davis., Bricks’ Titles and Terra Cotptas 

Ri i.sHillL.° Clays Hateriais of thé United States, IR. 1892.) pe. Fi 

Johnsen @ Blake. Ka@eilinite and Pholerite, Adis. Diy Zbl, 1667, peso. 

Gia. KOOnL Le. Supplement to the HneycliBrittanicay, VoL pileyarticie 
Clay. Ree. | 

R.B.Morrison. Brick Makers Manual. 

.0rton Sr. & H.Orton Jr. Clays and Clay Industries of Onio.Géol. Sum0nio 
VoL. Vids 45=264,/-1O9S. Ree, 

H. Ries. APtiele on Clays. Mineral todustry, 11; és, eve. Rec. 

Forthcoming Report on the Clays of New York, 1895. 


Clays are of two gencral kinds as regards origin, sedimentary and 
residual. The latter as the name implies are the less soluble materials 
that remain behind + in the weathering and removal in solution of the 
substances in rocks which are more easily attacked. lLimestones afford 
them and they often mark as well the position of former granitic masses. 
sedimentary clays are formed by the finest products of erosion which are 
the ones that remain in suspension until the transporting water bpecomes 
quite still. But in ‘tnese fine sediments in Opder to Srime abou a trus 
clay there must be a sufficient proportion of a hydrated silicate of alu- 
mina tc give them plasticity. Excessive amounts of quartz and other min- 
erals rowever fine lack this property and afford fine sands, gritty clays 
or mud all of which with increasing coarseness pass imto shales, gesrey= 
wackes and sandstones. 

The distinguishéng physical feature then of a clay is plasticity and 
the cause of it is the mineral commonly called Kaolin. ~Microscepic- ine 
vestigations have shown that Kaolin crystallizes in exceedingly ninute, 
rhombic, hexagonal or rounded scaly crystals, to which has usually and 
with somg reason, been given the name Kaolinite, and their composition 
has been formulated as Al, 0;, 2510:, 2H,0O. corresponding to S10; 46.50, 
Al- O, 39.57 H,O 18.93. In. the paper by Breckett & Williams creed aoeve 
will te found a discussion of the Kaolinite group and the discovery of 
two new members in a series of four possible silicates. There always has 
been some difficulty in making analyses of exceptionally pure clays fit 
the Kaolinité formula and it is probable that other hydrated silicates of 
alumina are present in not a few. In the process of analysis it is dif- 
ficult: to separate the amount of silica present as comminuted quartz 
from that combined with the alumina and in very fine clays the mechanical 
means of differéntial settlines 1S met appiilcabic. Tm €oarser, erivry 
clays much free quartz can in this way be washed out, but even in the 
finest slimes some will remain. fn the investication of boulder clay re=- 
ferred to atove Crosby divided it into four products; one, gravel, which 
would not pass a 12 mesh sieve, two, sand, which would not pass a 530 mesh 

wie Sieve, three, Rock-flour: palpably gritty and mostly. comminused 
quartz , four, clay, net eritty (or nearla so) and Losing at least Lee. 
(123) 
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combined H, O on ignition. The last two were separated from each other 
by repeated dacantation. <All clays contain some Tree quartz. sitnrough in 
New Jersey in instances the very fat clays have as low as Osean Other 
rock making minerals are present mechanically involved such as mica,feld-= 
spar, iron oxides and curiously enough rutile (TiO. ) to an almost invari- 
able amount of me in New Jersey fire clay. Rutile has been lone known 
as a constant ingredient of slates. More or less carbonaceous matter 
appears in clays in the form of lignite. Bails or concretions of pyrite 
are also common. Carbonate of lime is frequently so abundant in brick 
clay as to readily effervesce, and its concretions or clay-dogs are found 
in almost every brick yard. 

Sedimentary clays are either soft beds that have never hardened and 
that thus belong to the more recent geological formations (many occur in 
the deposits of the Glacial period) or else they are the mellowed out- 
crops of clay beds which are perhaps of older formation and anly hard 
under eover.. In their. chemical composition. clays contain S20,, ALO; ,and 
H.O in largest amount, and with these are variable but smaller quantities 
of iron oxides or sulphides, lime, magnesia, potash, soda and titanium 
oxide. Their presents affects the uses of the ¢lay whether for common 
brick, pottery, drain tile, fire. bricks.stc, Wheres .a high Petactory prop- 
erty is needed the ideal brick approximates as much as possible pure 
Kaolinite which is even less fusible’ than quartz. But as such a fat clay 
shrinks and checks in firing it has to be tempered by the addition of 
quartz. Titanium oxide has no bad effect and by itself iron oxide is 
less deleterious than the others. Lime, magnesia, potash and soda tend 
to make fusible double silicates with the alumina or with one another 
and thus injure the refactory property. Many years ago Bischoff sug- 
sested the following formula as convenient for expressing the excellence 
of fire clays Ale Ouse PX pel he in which the several molecules 


fo ee 
indicate the percentages of “them afforded by analysis. R stands for 
the other basés; thus the excellence of a clay varies directly as the 
square of the percentage in Al-O;:and inversely as the other basés and 
the silica. . When values are supplied in thie formula it..te found that 
the most refactory clays give results as high as 14, while ordinary fire 
clays may be as low as 4 or even l. The work of H. A. Wheeler on the 
fire clays of Missouri has shown that this expression does not always 
hold good and that it is incomplete. | Bischofi's formulas calls for bag 
percentages of Al-0. for the best refactory results, whereas Wheeler has 
found that clays high in SiO: exhibit fire resisting powers not at all 
inferior. Wheeler shows that the other oxides or "detrimentals" as he 
calls them, are the great agents in promoting the fusibility, and that 
the density and finénessof the clay are also important factors. The 
formula that he recommends for clays of about the same fine~” and whose 
specific gravities do not differ more than 0.2 is Fusibility Factor or 
Par Srey in which N represents the non-detrimentals, 510.,A1.0,,Ti0., 
H.0, COz, D represents the total of detrimentals, or the Fe,0,,Fe0,0a0, 
MgO,K20, NaizO, S and SO,. D' is the alkalies alone, they being of es- 
pecially bad influence. If there is great difference in grain and spec~- 
ific gravity, a constant has to be added to the denominator. Values of 
the latter are given in the original paper (Sec. E.M.Jour.Mar.10,1894.p. 
224,and forthcoming report of Mo.Geol.Surv.on Clays.) Fire clays are the 
most valuable clays,and in connection with them chemical analysis 1S as- 
pecially important. In the best clays the alkalies should be not over 1,; 
iron oxide may be as much or a trifle more, and of the rest still less; 
of all these,however,the less the better. 

(1.23) 
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Common trick clays are the most impure but the pulished analyses are fevw- 
ér than those of Tire clay. ; 

Clays weigh about 53000-5500 lbs. to the cu.yd. The specific gravity 
ranges from 1.75 to 2.45. It is higher in the quartzose varieties. 

BRICK “CLAYS, 

Clays adapted to brick makine are accessible to nearly ali our large 
cities. In the north they are commonly derived from the finer sediments 
vhat settled in the floods which followed the melting of the great ice 
Sheet of the Glacial Period. They are impure clays and even in a common 
Kiln often fuse. The clay is at times in thin beds separated by a irttice 
coat Of sand that prevents them mellowing together and that marxs the 
more troubled waters of the seasons of floods when the clays were depos-~ 
ited. Again the clay is in a solid mass not marked by mich bedding. The 
clay is tempered with sand to give stiffness and-is often submitted to 
heavy pressure in the moulds in order to obtain the even surfac2 of press— 
ed brick. The quality of the tempering sand is important. It should con« 
Sist of quartz fragments but there are not a few regions of limestones 
and calcareous shales where quartz sands are unknown. In such LeMpe rine 
material or in the clay itself are often limestone fragments that calcine 
in the kiln and afford quicklime which may cause the bricks to spall off 
after being laid in the wall. The absorption of moisture and the conse+ 
quent explosive slaking is the reason of it. Céntral New York suffers in 
this respect. 

Ordinary brick clay is extremely Variable in chemical composi sion. 
The Si0g ranges from below 40 to over 60%, and the Al;0, 10 to 20%. The 
amount of iron oxide in clays used for ordinary red brick averages 3-6/4, 
but as a deeper color may increase the price per 1000 very materially, 
this is SOmetimes artificially ineréased, The effect Gf the iron 26 an— 
fluenced also by the amount.of lime present with which the iron forms 3 
light colored silicate. Thus the cream coloréd !ilwaukee bricks are made 
of a clay not especially low in Fe:0, (2.85-3.84) but high in lime-(15.45 
-13.24). Lime usually ranges from less than 1% to 1O or more. If it is 
not Left in the brick as lumps of quick lime 2t does no especial harm. 
llagnesia is rarely as much as 5% and the alkalies are generally nos far 
from 6, A practical test of @ ¢lay 95 @ saver Imdicanion Of 1%5 votge 
than is an analysis. In the kiln the sreem brick is browgnt up eradually, 
tO @ Sintered but not thoroughly vitviried condition. Hi Ries States 
that a good brick should fulfil the followime “conditions. It Siould ce 
fairly dense, of a good color, of parallel sides and sharp cdees. Ta 
yield this a clay is required that will mot check or irresuleriy sirink 
in firing. It%should be compact and uniform in texture and give a clear, 
ringing sound when struck. This is lareely a function of the Wiculdpmisc. it 
should not absorbs over 10-15% Of water; it should have a specific gravity 
Of 2<.0r more, and a cruShinge streneth of at least S000 Ibe. ber Sd@are in, 

Shales nave been ground in a few localities and then moulded into 
bricks and baked. They have given very satisfactory results both for 
building purposes and as later noted for paving. The Devonian shales in 
southern New York have such applications. It is unnecessary to mention 
in detail the localities of brick clay. They are especially found in New 
York and New England in the deposits of the Champlain Epoch which are 
wonderfully developed in the valleys of the Hudson and Connecticut rivers. 
Near New York the brick yards are found along the Hudson River and in the 
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estuary of the Hackensack River west of the Palisade or Ber 
Ac cording to the recent Peport of H. Ries the geological se 
ite the cleys iSe-dbee Dpitiu’, Detta Deposite (i.e. from etreaine flowing 
iftto the Hudson Valley from east end weet). 6, Estuary Dendosi ts of fine 
stratified -sand,.: and. of biue and bubicwclays. They all date back to the 
close of the Glacial times and have been somewhat elevated since. The 
clays may be LOO ft.or more thi@k or may Sink to @ mere trace. They are 
found from Sing Sing to Albany with a break where the Highlands cross the 
river. The clays a@re quite calcarcous and Turnish rather more than 2 
billion bricks yearly. They are due from the banks and to a less desrse 
dredged from the river bottom. 
He Kes The Quarternary Derosits of the som River Valley, ete. 
Report of the Wiv2otatve Geoohosist.. published 1892. 
Tans » Nay Aes ,oicsersy vila «nos LES 
Fortheoming Bubletim of tie «1, Yw.otete tiiscum, b3o98.. 
THe article on, Clay by tir. Reis An BOGhWwe Ll’ Ss fiimerael. industry, Vol. it. 

p.165 is especially to be recommended. 

The terminal moraine crosses the Delaware Hiver nial OL renten. and 
runs thence northwesterly across Pennsy nie. IAS. clave SOUTH Of 16 aS 
of earlier date than the Glacial times. A MOS t importa nt belt of them 
t 
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passes sovthwestvardly througn New Jersey of Cretaceous Age and appears 
in the banks of the Delaware from Yrenton to Philadelph lia and thence 
south. Hither these clays or the Glacial beds further north have been re- 
deposited to form the Quearternsry brick «clay of Philadelph ia from which 
are made the excellent pressed bricks for which the locality is famous. 
The Cretaceous clays are however important further south near Baltimore 
Washineston and elsewhere. They ars often red in natural color. 
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A, Heilprin,. Chapter on Phitadel phie. Bri 
P. qt pee SU «9 especially 

are made at Buffalo 
oftened outcrors of 


in Town Geolory, 1865. 
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cla In Ohio the 
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principal clare are s E Vargo Pe and are 
mentioned later under refractory clays, but common brick are also furn= 
ished. Indiana plac eS eneue Guantities .of BriLCK .o than local impor- 
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tance on the markets. They are obta ined from regions southeast of Chicago 
and afford pressed brick of high grade. Milwaukee has given its name to 
a cream colored brack of interesting properties. While one might infer 
that the crude clay lacked iron such is mot the case, but a5 carizer 
stated the iron that is present fuses With the Lime and alkalies to a 
White double silicate. 
Reports of the Bureau of Statistics of Indiana,1880, 61,82,35,¢e%c. 
BE. TF. Sweet. Milwaukee clays and Dricks,. 4.47.0. ,i125 MXIV, 54. 

I fiscellaneous Publ ubateons No.8, A,dsd 


N. oH. Winchell. Minn, Geol Surv, 2 
] Am LL Ey nee 


VITRIFIED BRICY. 
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The notable increase of interest in good roads and paving has led to 
the development of the vitrified brick industry. This .maverial 15 0fGen 
available in regions remote from crystalline rocks or others hard enough 
for street traffic, and has grown greatly in Tate years. A clay or shale 
is needed that will -vitrify Without losin t 


its shape, see 


if. l= S ; mm 1 } 
the kiln is pushed 








The cost is much less than asphalt or granite and the raw material is 

more widely spread. iear Syracuse,N.Y¥Y., Charleston W.Va. and in the West 

are many works. The rs range ae as in Briekrclaybust not aL. of 

the latier clays give psood vitrified brick. 

CO» PP, Chase. Brick Pavement. Legr, 

fT. W. Gibson. Vitrified Brick for Stréet. Pavements Rep or Bureau orf 
Mines, Ontario, 169s; © Of M. Quarterly, Jan. 1695. p49, 

Re Orton Jr. Geoloey of Choy Vile? 
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PIRE-CLAY. 

The general properties of fTire-clay have already been outlined, § 4% 
remains to speak of the principal sources of fire brick. 

NEW JERSEY. The belt of Cretaceous deposits that cross New Jersey 
from Staten Island to Trénton, as the northerr boundary, ccneist of 2 
northern and underlying belt of clays and a@ southern overlying one of 
marls and greensands. The clays are lower Cretaceous and afford several 
varieties. In general the beds CONSIST Of Tire=elay, porters: clay, rick 
clay and lignite and ere some S50" thrck 1m Si Be nouey ey eormcain 
many land plants they are marine deposits as is shown by the molluses. 
The beds strike northeast. The clays have many varieties, some being 
suited to stoneware, some to pipes, Some for firebrick, Some, Which are 
pure white, for paper adulteration, and somé, that are pure kaolin. are 
called feldspar. The fire brick oe a very hish reputation and nein- 
stances has stood better tests than any other. Analyses show that the 
fire clays approximate kaolin but have somewhat le OSS than the theoretical 
percentage of silica, The other varietiés run much Higher, Woedbridac 
and Sew: oy contain the most extensive pits. 
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— 


me ee vlays OF rd se DO. wile Lee 
Clay, AidsS. Lis #1,” 196-7 


Sixth Annual Report Bureau of Labor and Statistics of New Jersey. 

Gs f Cook and J. (G. Smock, Nv -Gedl.eurv. Report on Clave, 2e7c. 

J« Da -WOWDErTy. “OR “the Raritan. Clave .of SVde0k. Beano 2oer. 
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he fire clay are largely from the beds which wun- 
derlie oon seg and are thus found 7 2) Coad Measures. ine principal 
states producing such are Penn nsylvania, yland., Oho and J Ssse@ries “aa 
Pennsylvania excellent fire brick is ma sieerracic Co. y at Wood- 
land. The ee lies under the Brookvil oat seam, or seam A, and just 
over the Pottsville Conglomerate. Othe under ua 7 are purnt- at 
Johnstown in Cambria Co, and still Others near Pittsbu. Clay at Mt. 
pavage, Md. in the Cumberland coal basin also ay seated an “excellent brick. 
Ohio is abundantly provided vith LAT e clays in the area of the coal mea- 
sures. At Mineral Point, Akron and many other places RQims are Li opera 
CLOn.. VHGLG enham, a suburb of St. Louis is one of the best known of our 
clays. It is available for glass pots and for this few others are adapt- 
ed. It is often associated With a&@ thin coal Sean. 
Maryland. R. A. Gook. The manufacture of fire brié¢k at Mount Savage,2id. 
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Pennsylvania. See Reports H7 on Clearfield, p.167. HH on Cambria Co. 
Cc 


O on tests oa various clays and other local reports. 
, VARIO Geol Surv. Vol. Vil, 45-282 mec. 
al Survey Pathe es He ahede 
CLe stone, 6te. Of St. Lows City and VReinEcy . 
f H. A. Wheeler. See also #.& M.Jour.Mar.10.1894,224 
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bUtsatioOn, Ihe clays Occur, in the Dakota ser-~ 
es and varicus vee refractory. artieles: 
Jeet pein, LODO. G4 
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APPENVIA. -Bauxitey th 

an i : : i wax) : 
ployed as a refractory material Dna is a valuable mineral for this pur~ 
pose. It has however a more important application now as an ore of al- 
uminium and as such has been described in the Volume on Ore Deposits. 
f: 


~~ 


Mention should alsc be made of tne OPAL Se bees of clays to pottery 
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centers of thes industries Trenton 
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and stoneware and of the important 
Wo) has wery ie. works which? HI; i ware as well as the 
commoner kind: Local clays ars used for this purpose and much feld- 
spar iS prov ks from various points and furnisnes the mater- 
Hast Liverpool,Ohio on the Ohio River, Just 
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as it leaves SvVIVeania iS a ereat eenter for common crockery. » Navural 
gas iS Utilized to some extent in the bakines. The clays Come Irom 5el07 
the Lower Kittanning coal. Much stoneware is made at Akron and at Rose- 
ville, Perry Co. Ordinary household earthenware is a common product 
everywhere throughout the country. Suitable clays are common. On Tren- 
ton clays, see New Jersey Report often gqueted. For Onis VoL.v, of Geol. 
ourvey, and Vol.VII,45. The last is an excellent paper. 

HFeldspar should be also mentioned as one of the substances entering 
the finer grades of table ware. The merchantable mineral comes from 
coarse Veins or séererations that contain the Same minerals as 18neous 
eronite, but 10 is daQubptful if they have cooled from fusion. - Pney ssen 
rather to be vein fillings formed at extraordinary pressures and temper- 
atures and are often spoken of as pesmatite . Where coarse enough to 
warrant the separation of the feldspar they are mined. The mineral is 
worth about $5. per tom at the potteries. Quarriés exist in. Maine at 
bagecombe, Lineoln €O. and Brunswick, CUmberleand Co.: in.New Yorrayaae 
Crown Point, Bedford, Tarrycovwn and Fort ae in Conne CUts 2b DOuth 
Glastonbury, Uiddletown and Branchville; in Penns oe ee at Brandywine 
oummit; in Delaware, at several points in New Castle County. The total 
annual product varies from cient to Pirveen enone sea tons. 

Wineral Resources of the U.S. and local Pennsylvania Geological Keports. 

QUARTZ. is also quarried for admixture with feldspar, and is obtain~ 
ed from veins from much the same character. An enormous one forms Lan- 
tern Hill, north or Mystic,Connm. and 1s largely Gus. ihe vein 25° S¢nme 
hundreds of feet across and formed of comby quartz crystals. The part 
that is dug has been corroded by some obScure process, probably by mag- 
nesian solutions, to sucha degrees that the crystals crumble between tne 
fingers and the whole vein is dug out with pick and shovel. I is ground 
and sorted. In Missouri, curiously decomposed cherts give a product of 
pure sili¢a called Tripoli that 18 Uwtu1iaZéed quite iarseiy. 

SLATHS. Clay beds have at times formed important members in rock 
series that have suffered foldings and great regional metamorphism. They 
develop under these conditions a cleavage that is normal to the direction 
of pressure and that splits the beds into thin slabs at all angles to the 
Original beddings The bedding planes can often be followed in folds in 
the Quarries ana Gan even be seen i), Sinele Siacs. Any oe fossils 
are much distorted. The slaty cleavage is due to the rearrangement of 
the particles of Minerais an the ciay S06 eae, tne aa axes instead of 
being parallel with the bedding are now per nondiouiar to the pressure. 
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The structure has been imitated artificially. In nature, only extremely 
homogeneous clays have produced good slates. Where for any reason the 
rock is more silicious or coarse if has tailed.of the cleavage and such 
layers preserved tne crumpled folds with no cleavase. They are troubles 
in the quarry and are called curly slates. Another drawback is met in 
the quartz veinlets that especially favor slate distriuts. They spoil 
the cleavage. Pyrite too is a bad feature when present. Ald sack 
imperfections cause enormous waste and all slate quarries give the vis- 
itor the impression of the vast quantity of material necessarily handled 


to provide the output. It may be from five to twenty five times. Many 
endeavors have been made to utilize this refuse. It has been ground 

for paint, and serves very well. It. has also been ground and with clay 
baked into servicéable brick. Slates are used for roofinz and of later 
ae for all manner of applications such as marbleized mantels, billiard 
tables, Wash tubs, steps: 10. 6tairways ete. When too thicx for rooting 


the slabs are easily dressed, planed, sawed and worked into other snapes. 
sor roofing 16. 18. important Lo get slate from a sufficient depth in the 
quarry to avoid weathered outcrops. Tf not soo0d it 28 apt to slough 
away to mud on exposure. 

Slates are Oe ake drab or blue-bla 
green varietiés. ynese colors appear 
Under the microscope it is seen that 
of the slide, but that quartz and f 
times appears and rutile in excessive 
rocks, slate shade into phyllites and 
are scld by the "square" which means ¢ 
is NS eRe $0 cover one ae square 

WEY ENGLAND AND NEW YORE. faine 
from exposures not eee ee develop 
New Hampshire has some near Hanover 
New england lies alongs the juncture 
Slates of two ages. One belt is 
and the.other is the Hudson River 
former Turnisnes purplish or <reen ; 
former is most productive a~nd its pr { is adapted to aLl the appiica- 
tions Of Sihates. The red variety h er brings @ ALehsr prec. 
Engineering and Mining Jourtial, Fé, 19, May 10th, e770. 
manufacturers and Builders, Shred. L670 p.6e. 

Jv GO. Smock, Buliid New York otate Muceun. 
GC. BD. Waiteott.. The Batonic System of Emmons etc., A.J.0. 

1888, with a geological map. 
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S sriall quan tit iss of slate 
hey are in Piscataquis Co. 

& OPOMLNeHt Giscries oF 
fermont and Mew York. There are 
ia series of the Cumbrian 
re of the Lower Silurian. The 

c the latter red ant rreen. The 


enblivter 


n~ Tf 
~ 


daren and April 


PENNSYLVATIA. Slates are of some importance at Newton, New Jersey, 
but in Pennsylvania they are a valuable material. There are two produc- 
tive points, one is regarded as Huronian, is principally developed in 
York Co. and is known as. the Peach Bottom Slate. “the belt also extends 
LATS Maryland. lt really is a very fissile, carhemgaceous schist. it 
dips at a high angle and is valuable in a belt,but a few yards across. 
The larger area is in the slates of Hudson River Ase, in Lehigh and North 
ampton Gounties. The bélt is 7 to 12 miles wite and much foided. Ine 
anticlines and synclines often show in the quarries. The slates are dark 
biue or blinish black, (and furnish Our, cere? eupelies 
Pennsylvania Geological Report (Survey) D3. 
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Engineering News January 31st,1885, p.67. 
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VIRGINIA. has some notable quarries in Bingham County. 


GEORGIA. Slates are also commercially important in nerthwestern 
Georgia near the town of Rockmart, but they have not been systematically 


worked until recent years. 
MICHIGAN. HEkeelbent Slate of Huroniban ace. occurs near Il Ause in 
the Upper Peninsula. It has not been utilized in recent years. 


ce 


LIMESTON#S INCLUDING MARBLES 

Limestones Occur in ait meme LOYMSatCiOns aelthovwen in une Tater 
ones they are not always firm enough for building stone. ihe, are tess 
abundant than sandstones but at times form enormous deposits. In the 
less altered forms they consist of fossil remains and comminuted calcar= 
eous materials which have hardened to a solid mass. More or Jess silica, 
alumina and magnesia are always present. The increase of these ingre- 
eee S: especially the alumina marks a change to hydraulic limestones. 
Those high in magnesia without so much argillaceous mgterial are called 
deine . Limestones are both thick and thin bedded and need to be in 


Layers about a foot thick to be of much importance, althouci much thinner 
stones can pe utilized if thicker, is not availabie. They furnish a mod-— 
Crate 1s Gir rons stone as a general thine and in exceptional cases reach 
Well up into the figures Of esranite, Limestoneswork readily wien GL an 


even texture and often take @ fine polish. Their absorption 1s Jess than 
Sandstone aS a general thing but 1s higher than eranive. ihe specitivc 
gravity may drop. to 2.40 (2450 1bs.t6 the cubie Poot) but 2] rales 2.50 25 
2,0 Gith an average Por marnle mot Par {rom teat cil esranice.. 

Where limestones have been subjected a resional metamorphism from 
foldings and geological disturbances they become crystalline and are then 
called marbles. 2hey admit 01 ja hich poll sh and Often afiord a stone of 
Surpassing beauty. Whatever carbonaccous matter was in Une original 
limestone bacomes eraphitic and agicrds the lines in veined rN eee 
substances as well as orsanice matter Ltself sive all manner of colors, 
nome harder metamorphic minerals, such as tremolite are at ar: formed 
and furnish impertections in the stone. Marble or limestone breccias 
With veriously colored cements afford & strancely mottled Susie 

Ike weathering action on limestones is chiefly im ~The nature of SO 
iution Of calcium carbonate. Acid eases and plant Srovehn eitect Goen 
seriously. The carbonie acid in, tHe aimosphers when dissolved on rain 
Water exercises a solvent 6ifect, and is their @réates : enony. its ef 
fects are Manifested by pitted Su rita ay seams in the stone and ir- 
PeRulariGles Of texture sometimes app exposure. Atmospheric waters 
have also a profound effect on th ore eee: in querries, and 
O€Casionally Workings. meet with £ PLOCULONS Gate Cir game 
the amount of available good mater Geciily Decoms “lariver 
from circulatine vwaters and may ape irry Tace as msienvly 
cracks Lilled “ith red, resiaqual ei S are not esvecially 
g00d Tire resisters, for theycrack ager great fear: 

WHSTER NEY ENGLAND AlD NEY <0 LOApOr var > Marble quar= 

ss Of America are Lound alone the and aré6 in various 
s of limestone of Cambro-Siluria en metamorphosed by 
upheaval of this great ridge az wer Silurian Per= 
The most productive SeCtlLon oe » Vee OF CNS SORTA anu 
5 (formerly called Suth= 
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érland Falls) Pittsford, Brandon and Middicbury. It lies on the flank of 
the Green Mountains. The seclogical structure is very complicated and 
not well understood, but near the West Rutland quarries, Chazy fossils 
have been found, while further east at Pine Hill and again at Rutland J. 
E. Wolff announces Cambrian fossils. The section varies much and partic- 
ular beds have particular excellences. There are blue, white, veined an 
other varieties. The thickest are at Dorset from which point they thin 
to the north but afford a better erade of stone, The marble is Loosened 
by channeling machines and wedged off. No powder is employed. The work- 
ings are enormous and much ingenious machinery is utilized. Further 
north, above Burlington, red mottled marble is obtained called Winooski. 
It belongs in the “red sand rock", as the formation was called by the f 
early Vermont Survey before its Cambrian Age was known. It oatcrops on 
ifallet's Eay and at St. Albans and Swanton, but is a very sSiliceous vari-~ 
ety and herd to work. .Stilld.further west. om isle la Motte, cone of the 
islands in the northern part of Lake Champlain are quarries furnishing a 
marble of dark gray ground mass, which is variegatad by lighter colored 
fOSsid SsneLls dis tributed: tnroucn .2¢, : 
Brainerd é: Seely. The Marble Border of Yestern New England, Proc. Mid-~ 
Gievury Hist, SOG, Vodsgla (Piatt) ieoes 
J. D, Dana. On the Age of the Marbles. A.d.8.,fii, KEL, 392=547,400—419 
EB. Hitehncock.- Geology of Vermont, Volv: Lek. 
Ge H. Perkins, -On Winooski Marble. Amer. Naturalist, wep. leeL. 
J, HE. Wolff. On the Lower Cambrian Age of the Stockbridge Limestone. 
Geol, Soc. Amer... Liy PadoL. 
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MASSACHUSETTS. The Taconic Range in Massachusetts contains beds of 
metamorphosed limestones analogous to those of Vermont. In earlier years 
quite extensive quarries were worked at Lee, Sheffield and other towns. 
The marble contained more or less tremolite and is less used than former~_ 
ly... The sane belt extends into northrrest Connecticut and has been weit * 
ized, at Canaan. 

NEY YORK. ifarbles are obtained on the west shore of Lake.Champlain, 
in the southeastern corner of Westchester County and in the western con- 


Tines of the Adirondacks. The first named region furnishes a variety of 
marbles. Yhe well known dove colored "Lepanto" With 10S MOotulLings of 
pink and white fossils is quarried near Plattsburgh and in the township 


of Chazy. Furtner south in the township of Mordan the Limestones are 
strongly magnssian and contain much disseminated serpentine. They are 
thus White and green mottled and are known as fMoriah marble, verd antique 
Ophite or oOphicaleclite. GG. P,. Morrili has shown that the serpentine) mas 
resulted from decomposed pyroxene. This is a beautiful stone aid resem= 
bles granite at a distance. A Similar variety is obtained at Ryegate 
and Cavendish, Vt? At Glens. Falls, N.Y. Bleck marble is quarri sd of 
sreat beauty. In Vestchesster County the same dolomite beds app3ar as in 
Connecticut. They afford fine quarries at Pleasantville and Tuckahoe as 
the coarsely crystalline stone gives a snowflake effect. They ire not 
much worked at present. On the west of the Adirondacks in the town of 
wvouverneur, beautiful white and blue mottled marbles are obtained and ex- 
tensively quarried. lLimestones not marbles, strictly speaking are lLocal- 
ly worked in many places. The Lower Silurian in Cantral Hew York norca 
of Utica is prolific and in the unmetamorphosed portions around Lake 
Champlain. At Greenport, Columbia Co. the Lower Silurian limestones are 
(130) 
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again largely quarried. 

Higher in the geological series the Niagara and to a less derreethe 
Clinton limestones are available from Lockport to Niagara. hLockport is 
pest known for a crinoidal variety that takes a fine polish and is called 
marble, but best exposures by far are across the Niagara River at St. 
Davids in Canada, where unusually thick and homogeneous beds occur in the 
erest of the escarpment ~. The Lower Helderberg contains some limestones 
Locally employed for building southwest of Albany but is better xnown as 
a source of cement rock. The rocks of the Corniferous Period afford two 
important beds, the Onondaga gray limestone and the Corniferous. The 
former is much used in the vicinity of Syracuse, the latter in the north- 
ern outskirts of Buffalo. Above this horizon the Tully limestone is tne 
only one in New York but it has no development worth mention. 

J. S&S.» Newberry. Reports of Judecs Centennial Exposition, Vol.~iii. 
J. GO. Smock. Buliding Stone of New York, Bulivo, N.Yeeteve useun, Marce 

L688, pp.94-134. Bulls. 

PENNSYLVANIA. Marbles are afforded by the Lower Silurian limestones’ 
of Montgomery County, and from other exposures in southwestern Pennsylva 
nia. In instances they are of great strensth. A Statuary gerade is fre-= 
ported at Avondale. 

MARYLAND derives limestone or marble from an isolated Lower Silurian 
exposure near Cockeysville and also produces the famous Calizo or Potomac 
marble from Foint of Rocks. «Phe fast is Triassic. 

VIRGINIA is known to contain great stores of marbles in the metamor-~ 
phosed Cambro-Silurian limestones of the Great Valley. They await extend- 
ed development although now locally employed. The same will doubtless 
prove true for Norvn saretihe,, 

THNYHESSHEE. One of the largest marble industries of the country is 
based on the Lower Silurian limestones of the Great Valley near Knoxville 
in eastern Tennessee. A variety of color is found,but the one for which 


the section is best known is mottled with pink and white. It is a very 
strong and heavy stone,(180 lbs.to the Cubie foot) and is much used for 
decorations. Tennessee has great outcrops of limestones in the Nashville 


Valley as well. 
vafford. Geology of Tennessee. 

GHORGIA. Much attention has been of late given to the marbles of 
Georgia. The northwestern part of the state has many exposures of varied 
hues anc they have been extensively sold in the north. 

PLORIDA. Large quantities of a soft, fragmental shell and coral 
rock, called coquina were earlier quarried in Florida, but of late years 
wooden houses have proved so much drier that its use has passsd away. 

OHIO. Limestones are of extended occurence in Ohio but nave little 


ornamental walue’.. They are used for rough work,and strata of Carbonifer~ 
ous, Devonian, Upper Silurian and Lower Silurian are utilized. 
Be UOPDOTR: Ohio Geol. Survey, Vol.V. 


INDIANA. Several Carboniferous and Upper Silurian limestones are 
locally used, but the most important industry of this nature in the state 
is based on a belt of @olitic limestone, of the St.Louis division of the 
Lower Carboniferous. This extends from Kentucky northward for about 100 
miles through central Indiana and is extensively quarried from Bedford on 
the south nearly to Greencastle on the north. The stratum runs about 40 
feet thick, and is attacked wherever small valleys cr gulches have made 
it accessible wabnows stripping . The stone is called"Indiana limestone” 
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or" Bedford stone” or “Oolitic stonc”. The stratum scarcely shows a 
pedding plane, and can be cut out in. biocks or monoliths of any desired 
size. There are tO varieties, a blue and a buff. aney shade into 
each other, and some quarries have both. The buff appears to be a 
Slightly weathered form of blue. The Limestone is homogeneous to an 
exceptional degree; it Guts With ereat Tavliiity and is noted Tor its 
adaptability to tool treatment. The industry now amounts to several 
millions of dollars annually, and the stone.is extensively shipped even 
to New York. | 
J. Collett. Ann. Report. State geod. Indiana, 16/76, . p66... 1661682 D220 
Bee de" Ber LEERY, 298 
Thompson. Report on Indiana Bulliding Stone, 17th Report State Geol, 
Ind, B69 l.u ep eHlid. Rec. 
The belt of oolitic stone runs into Kentucky and contains resouces 
which are regaraed as promising but they are far less developed. 
ILLINOIS. Tne state is rich in limestones and these are available 
except where buried in drift. _the Carboniferous, Devonian and Silurian 
Systems are all represented. The most important source is the Niagara 
limestone of the Upper Silurian. It is quarried of a somewhit pco 
and very bituminous quality in Chicago but is opened on an extensive * TL 
scale at Lemont and Jolict. Twelve to forty feet of stone are exposed. 
Though not specially durable when exposed to frost it furnishes a vast 
amount yearly, being easily wrought. In the northwestern corner Lower 
Silurian stone is obtained and elsew: Carboniferous. 
D. D. Conover. Pentn Census, z. Pes 
MiSs SOURL . The lLirmestones of 3 
or Cambro-Silurian. The former are 
Louis stage) and in southwestern ‘lis 
Silurian to some extent in southeas 
is locally used and developments 
G. C. Broadhead. suildins Trades 
TOVWA. 1S an ape part formec 
local quarries. rhe stone ij 
iferous Strata, bub is ae Shipred av 
MINNESOTA. Lover Silurian limestones are important in many regions 
St. Paul and Minneapolis have quarries in a rather thin bedded stone, 
what ever where, thick, may simyw seddi ne sisi on weathering. At 
Frontenac in Goodhue County, very larse and solidblocks are afforded of 
a rather weak variety. At Kasota and ftiendota in Le Sueur County buff 
and pink varieties of greater’ strensth are obtained and at Mankato, 
Blue Harth County solid blue dolomite in “oo BOOgee is quarried. 
These latter localities are southwest from St. Park. 
N. H. Winchell. Geology of fiinnesota, Final Report Vol. I also prelim- 
inary report on Building Stene, L6e?. 
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NEBRASKA AND KANSAS. tlave Carboniferous limestones of poor quality 
which are called from the small protozoan that forms them, Fusulina 
limestone In the latter state are other quarries in the Permian and 


in the Teer some in the Cretaceous 


COF-ORADO contains some marbles on the western slopes of the con- 
tinental divide along Yule Creek. They are geheriie Trent transportation 
but efforts have been lately made to five them rail connections. 


Dr, Newberry has spoken very highly of the beauties of the stone. 
Others are ocrened on the eastern slope in eect ae Colorado and utilized 
to some extent. J. &, Newberry. SCHOOL of UIENBSS GUARTSRLY, 2, 7; 
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CALIPORNIA has some notable occurences of marbles. The openings 
near the town of Keeler, in Inyo Co. seem the most beautiful and bid fair 
to furnish extensive amounts of superior srade. The colors vary from 
Purse. FAlte tO mMOott lings of Other Gints, aud@an Gmstances are waidue 15 
~uaStarn. Banded travertines akin to the so-called Mexico onyx are quar- 
, 98 tf San Luis, Obiepo Cox : 

See the Seventh, Highth, Tenth and Twelfth Annual Reports of the Califor- 
nia State Mineralogist, especially the last, p.390. 

ARIZONA. Quarries of stalagmitic limestone of beautiful banded 
structure, like Mexican onyx, have been lately opened in Big Bug Creek, 
thirty miles from Prescott, Arizona. They have been already introduced 
to some extent. 

J. F. Blandy.Big Bue Onyx Quarries,Arizona. E.& M.J.,Mar.26,1892, p.548. 

THEXICO. From two Localities in Mexico beautiful banded marbles, ths 
so=¢alled"Mexican Onyx", are shipped to the United States. Ihe one first 
opened is in the state of Puebla; and 2S. a continuation of ay tncustry 
that throve under the Aztecs. The stone usually lies in detacned bould- 
ers of varying sizé, buried in red elay.. These are sawn up and where 
checks or defects appear they are artificially remedied. The price in- 
creases rapidly with the size of the slab. The so-called onyx also oc- 
curs as veins in a cherty rock., Needless to say, 9the “Ony2" “1s calcite, 
and not the mineral properly called onyx, whose bandings are, however, 
closely imitated. More recently large deposits have also been opened in 
Lower California. They lie in the interior valley of the peninsula and 
near the 30th parallel of latitude. About 100 feet of alternating beds 
of travertine or"onyx"and calcareous conglomerate, fill a@ narrow ravine, 
which has been eroded in sandstone. The travertine is a hot spring dep- 
osit. Beautiful slabs and small. pillers arc: obtained. | The company tS 
called the New Padrara Onyx Co. 

On the Puebla Quarries. See Eng.& Mining Journal.Dec.26,1891. p.729. 
On the New Padrara Quarries, See Emmons and Merrill,Geol.Sketch of Lower 
California, Bull.Geol.Soc.Amer. V. 489, anc Sepectaiiy Gus. 

Foreign marbles especially colored varities are imported in consid= 
erable quantities. Various poimts in italy, im Portugal, open, France 
and Northern Africa supply them. They have their special names, a list 
of which with descriptions will be found in the paper by J.S.Newberry, 
Reports and Awards, Centennial Exposition, Philadelphia. J.B.Lippincott, 
p.145. The same names have been adopted in instances by American deal- 
ers for Local marcles. 
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+o marbles which occur in the eastern Adirondacks were 
. 130. They are closely akin to serpentine and of- 


' 


The ophicateis 
earlier referred to, p 
ten contain lumps of this mineral of m@table size. Serpentine supplies 
a beautiful ornamental stone when it can be had in sufficient purity. It 
takes a high polish and affords mottled greens and reds that have been 
prized from remote antiquity. The best grades are called precious ser- 
pentine. Specimens are obtained at Newburyport, Mass. and at HMoOntviLie, 
N.J. The massive rock is used as an ordinary building stone in Philadel- 
phia. Although outcrops are met near New York, the stone is not solid 
enough for building purposes. 
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G.!.Merritll. Ophiealite of Thurman, Warren Co., dicleSs: Mer.i6so. 6.169. 
e Serpentinous Rocks of Essex Co., Proc. U.S.Nat'1l.Museum,XI1. 
L690, “SoS; =. 
y Montville ae do. 1888, 10Se 


LIMES AND CEMENTS. 

Limes and cements are classed by General Gillmore into four classes; 
1..H#at Limes, 2£..Meager Limes, 36..Hydraulic Limes, 4..Hydravlic Centent. 
They each depend upon the composition of the crude rock. If this is a 
nearly Eure carbonate of lime, the fat Limes are atiorded,; If n6 arunm- 
lnous impurities reach 8 or 10 So hydraulic properties begin to be devel- 
Oped ana az 16 £0 20 % the product has to be ground to a fine powder be- 
fore it will slake. The varying amounts of these ingredients determine 
the uses OF the stone. In aes country we have chiefly to do with Nos.1l 
and 4. he so-called impurities SOnSi eu” ee carbonate of magnesium, car- 
bonate ia COe10es Of Aron, ae Silicates, and sand. Of these the mag- 
nesium carbonate does not destroy the character of fat lime although 
present in very large amount. ts effect needs investigation and would 
furnish an interseting subject for-a thesis, as authorities ditter.. ve= 
ments have received so much attention that common limes have nad but lit- 
tie. It is thought by some that magnesia makes the lime set more slowly 
and such is the recorded experience with the lime obtained years ago in 
the upper parts of Manhattan Island. Iron does mo especial harm in cée-= 
ments but in limes, particularily if tsed for interior plastering it dee 
stroys the whiteness. The argillaceous ingredients are present in fairly 
large quantities in all cement rocks. 

LIMES. The following analyses of several limestones employed for 
quicklime will give an idea of the range in composition. It appears that 
they vary from nearly pure calcic carbomate to those high in magnesia. 
Oyster shelis afford a very pure product that is sreat tly esteemed but the 
analysis shows that th hey have more magnesia than many natural stones 


CaCO 2 MeCO 2 Al39 3 #eo0 3 HoO Insol. 
Le GLEnS Bailie, Ney. 3 96,46 0.64 hae Deo 
He BPEaPaGLsStonvilie, Wis. 92.00 fo ee Ouls 1.80 
5. Denieville,Arkansas 98.435 0.96 0.28 
4. See below. 
5. Tuckahoe, N.Y. 54.49 43.62 0. 97 
6. Springfield, Ohio. Poets & 24.87 0.56 0.65 

L. By Prot, J.B Apvleton, | For the: company. 2. Ned Geol. Surry. L666 

6.404, contains also quartz and eraphite, Ll. 70. 3. Geol.Surv.Ark. 1890 
IV, PAC. 4, Opgcer Shells, CaO 44,4, MgO 1.3, Alkalies .4, CO» 55.4, 
Pee «hy GUS .6, Hel 14.5,) Ci ye Oreanic matter 3. LOtad £00.84 New 
Geol.Surv.1868 p.405. BS, Quoted by Ari, Geol. Surv. L6v0. EV.2ii. 6. Ni- 
agara limestone, Geol.of Ohio.VI.716. : 


Separate statistics are not available wherewith to illustrate the 
relative importance of the states because the lime industry is classed in 
with those for cementr, building stone and iron flux, but in a general 
way it may be said that in amounts in 1889 the more important states rank- 


6d in the following order: Pennsylvania, Maine, Ohio, New York,Wisconsin, 
Missouri, Indiana; all beinz over one million barrels. The value of 
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Marne*s product 16 2reatest. . ame 15 DuUU UD 2 barrels of 200 (be. €Gacx. 

Lime kilns are so common and Lime iS so. generaliv produced through 
Out the country that partieular .resions hardly deserve ment on...in the 
east the principal geological hOrizons are the Cambro=o1lurian ineiudine 
' the Niagara; the Lower Helderbere and the Carboniferous. In 
ippi Valley the Subcarboniferous limestones are abundant and 
rie states the Cretaceous. In Pennsylvania some thin beds in 
Lferous are calcined for Pertihizineg material. the primei pa, 
sources for New York City are Glens Falls, ee where the Trenton lime- 
stone is ry accessible; Rockland, ee and St. John, N.B. where 
SP EEG aes limestones furnish the supplie 
L.WsBailey. Lime in New Brunswick, Pie eal bnaustry, if. 451. 

G.H.Cook.. Limestones and Limes of H.d. NedJ.Geol,.ourv, EO6S, p. 36 

= AsGillmore. lLimes,Hydraulic Cements and Mortars. Van Nostrand, 1972. 

-C. Hopkins. Report on Ark.Marbles,Geol.Surv.Ark.1890.1V.144. Describes 

technology. On Limes-Mineral Industry, 111.445.1893. 

Alex, M’Ava: On Limes and Cements. Proc.Fhil,.So0c. Glasgow, AAT IL .2e. 

Mineral Resources. Statistical Papers in all the volumes. More than 50 
analyses of Kansas limestones in the Vol. for 1893. p.565. 

EK. Orton.Production of Lime in 0n10,Ge01,.0610,71./0s-(1Li.goou geucraL 
Gi SCUSSL0N, Kee. 

CEMENTS. There are two kinds of cements which are importans im tas 
country, hydraulic or natural rock cement and Portland cement. [ne fern 
ey is manufactured direet from an arfillaceous Limestone, While the lat- 
ter is an artificial mixture, whose proportions are determined by analy- 


5 
in the D 
Care 


sis. In addition to these their are hydraulic limes, referred to above 
under lime, and pozzuolana a name used for artificial mixtures of sround, 
blast furnace slag and slacked lime. The name pozzuolana was originally 


applied ¢6 a lLleucitic tufa. from FPozzuoli near Napies, 2nd for 2 similar 
rock from the Rhine Valley the name trass has been used. All these sub- 
stances owe their hydraulicity tothe formation during the process: oF 
burning of basie Sitvecates. and aduminavessol lime or of lime and magnesia 
which,’ together with some calcic hydrate, cerystallize gradually when ¢x- 
posed to water, and afford the necessary hond of cement. Some powdered 
rocks and slags possess this property without calcination. Natural yvock 
cement sets more quickly but is less strong than Portland. The latter 
Come ee tO narden even for.a term of years. 

NATURAL ROCK CEMENTS are manufactured at numerous points but of 
these only the most important are selected. Much the largest is the dis- 
trict around Rondout, Ulster Co. generally called the Rosendale district 


by which name the cement is also known. ts Pp peiiar ee is nearly three 
million barrels annually. Next to Chis is. the resion near Louisville ky. 
with from one-half to two-thirds as much. Next follows S Belt from byra- 


cuse to Buffalo, N.Y. with somewhat over one million barrels, then the 
Lehigh Valley,Penn., Milwaukee,YVis., Utica and Lasalle,llis. and Cumber= 
Land, Ma. The others are very much less important. The general composi- 
tion of rock. and. cement ig shown by the annexed Tabie. 


CalO2 MeO. DLOs Ale, 2e, Os H,O,etc. 

lL. Rosendale, N. Y. Ab,OU 26.14 567 Liz 1,29 
Lo LOULSVLLLSe,. Ky. 5OU 240 ee 67 Peo Lh «GO Se NS, 
5 eo ber Ong Nia Na e.® 9 26 So.) 4.84 6.02 
4, Coylay, Fenn. Ot LA tad LO ~ ak 7.49 o.94 
5, Milwaukee, Wis. 45,84 x. 46 MT 308 Leek ~o,00 

GG. Utiea, bie. Wee O Slee a eee ay fe O20 
7. Cumbertand, tid £1.20 6.60 ee ee 16..%4 6250 62Lé 








Nos. L. 4.5. and 6.-from paper by W.A.Smith, Mineral industry 


de ALS No.2. Geokb,oury.ey. A Chem: Anais. Pt.2. wiloe. No.3. Gillmore, 
Limes, Mortars ete. p.l2b 6.168 ~ of last column iS given as alkaline 
Chlorides . Now? *GeolL vor Onro, Vi, 67S: 
Ca 0, Meo. Si0,. Al, Ox , Fe, 02. H, Oetc. 

1. Rosendale Cement 5 ai oad 3 38, EO.) Ze. Lo Po, (0 6.40 
fe LOUISVIi£ie ™ 41.80 L6.2¢ 24.40 6.20 11.41 
oS. Akron A S64 to SARs EO 
4. Coplay i 69,13 1.98 LOLS 9.78 <Oe 
5, VELCsa. Lbs. © f Con 67 20.96 55.43 Guee 

Nos. 1. 4. and 5. from paper by WA. Smith Mimexrsl Industry, 2. 50. 
No.@, Geol .Onic, VIilcGPre. No.3. Cement Rock and gypsum Deposits in 


BPuriabos MB. Oct. Le6e. 


eel --- —_—_— —- — —_ —~ — —_—_—_ —_ a _— —_—  — — a —— -_— — oa —_- ~ — — _— — —_ #§ %— 


x et ate oF the first table of analyses brings out the great 
variability in the composition of the crude rock. Lime and silica seem 
to be the chief essentials, because as in NO.4. magnesia may fall very 
low and as in No.6. Al.O: may almost disappear. The second table shows 
nearly as much variability but it is more significant as it. represents 
the- finished product. Ihe fisures indicate that MeO is the only one not 
a real essential. This inference is eorroborated by experience with 
Portland cements in which not over 1 ~2 MeO is allowed: in the usual spec- 
LELeat 1-ons-. | 
H.C.Clarke. Experiments with Rosendale and Portland Cements. Trans.Amér 

Poc. Civ. tne, April 1685. See also June 2) and Nov.16ee ,f0r 
official tests. 
Q.A.Gillmore. Limes, Mortars and Cements, 1888. 
P.Giron. Methods of Burnine. Proc. Engineers Club of Phila. x. duly. £e9o. 
B.Kinchling. On Cement Mortars. Appendix Ann.Report Exec.Board of City 
Of ROGhes ter, 4.4657. 
M.Le Chatelier. Procédésd'Enaé des Maténaux hydrauvliques. Ann. des Mines 
1895. 252. Good review 100 pp. Translated in M.E.Augs’ 93s 
N.W,Lord, Natwral and Artificial Cement.  Geobk. Chie. Vi. Gil, 
g , 5. Mewpeuters Mineral Resources... 1893. pv6le.. “Mineral Industry 1625p 254 
Scientific American Supplement April 21, 1894. 
Wm.ALlen Smith. On Cements, Mineral Industry, I. 49. 1892. 

NEW YORK. The New York hydraulic limestones are almost all derived 
from the Waterline beds which are now placed at the top of the Salina. 

In the Rosendale region these occur just above the Climton quartzite and 
form two beds, from 7 to 25 feet thick and separated by a few feet of 
sandstone. The workings are now, in almost all cases underground, and 
the beds dip at all angles up to the vertical, For tlivetrations or 
stratigraphical disturbances the region is noted as one of the best in 
the Bast. Folds and unconformities are both admirably exposed. Rosene.% 
dale, Binnewater, Lawrenceville and Rondout are the chief centers. 

From Syracuse west to Buffalo are not a few additional quarries, 
which are based on the "Waterline" stratum, the transition member between 
the Salina and in this case the corniferous, The bed mined near Buffalo 
is 5 to 8 feet thick, and the’ product goes by the name of Akron cement. 
Mushrooms are grown in the abandoned tunnels and the same is true of 
Utica, Tlls. The cement rock enters Ohio and is operated to some extent, 
but the state is more important = a ‘aa’ 6f Portland. 
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“ WiDeake. Geol.Cement Quaerriés, Andsceliz<. 2Vl2 2262 Herve 


W.M.Davis. On the Geology mear Rondout. see A.J 20-112 .4XXV1.1885. 969. 
Bub. Mas. Compe 200L. Vile 614, 

Lindsley. Geol.of Cement Quarries. Poughkeepsie Soc.Nat.science.11.44- 
48. 


Wt Nason. Hoon Geél, Ulster Co. Rev.cf State Geol. N.vs 169757 .20o: 
See also N.H.Darton. Geol. Ulster Co. Idem. 29i% 

J.Pohlman. Cement Rock and Gypsum Deposits near Buffalo, M.H.Oct.1888. 
On the cultivation of Mushrooms-see paper by W.Y.Warren, same 
reference. 

KENTUCKY. The second area in productiveness lies near Louisville, by 
which name the cement is known. It is derived from beds, near the Falls 
of the Unio. 

See Kentucky Geol. Survey, New Series, IV. 404. 

PENNSYLVANIA. Contains a very important district in Lehigh Valley. 
The chief developments are near Coplay and the rock is obtained from open 
cuts in limestone of the Trenton. 

See Pennsylvania Geol. Survey BD. S52. 

WISCONSIN. The quarries of cement rock are in the city of Milwaukee 
and are based on beds belonging to the Hamilton Period of the Devonian 
Age. The cement has a high reputation. 

See Geol.of Wisconsin I1. 395. 

ILLINOIS. Near Utica and Lasalle are exposures referred to the Cal- 
ciferous of the Lower Silurian. Six or eight feet of good rocx afford 
the crude stone which yields an annual output of over halt a million bar- 
rels. 

See H.S.Freeman. Hydraulic Cement Works of the Utica Cement Co. Lasalle, 

fils. Mab, iy Ae 

Although small quantities of hydraulic cement have been made in not 
a few other states, yet the only one deserving special mention is Mary - 
land, where at Cumberland in Allegany Co. about a quarter of a mi bio 
fone are annually obtained. 

PORTLAND CEMENT receives its name from the English town associated 
With its manutacture. It ia made from an artificial mixture of clay oF 
marl and some form of carbonate of lime. Chalk is most prized for this, 
put shell marls and limestones have also been employed. Anything with 
magnesia is however carefully avoided. The materials are usually dried, 
-ground together, moistened, moulded into bricks and Galormed” 06. "e¢limsers 
The elinker is then ground up to cement, A process has been started in 
this country to mix wet and then calcine and grind once for aliy bas Le 
has not yet been established on a commercial basis. THeré 15 a) Aueracy- 
ive market for the local product for as yet this is scarcely more than 
10 ~% of the imports. The composition runs quite uniformly as the annexed 
tables show and it is vigorously under the control of the chemist in 
charge of the works. Abroad the industry has grown enormously in late 
years, espevially in Germany. 


Hh 


Cad MeO SiO, Al20z,F6,0, H20,etc. 
L. dnegiisn 6070 L..00 25.00 le «09 FAP OO) 
2. German 59.98 O20 24,90 Tae SUoye 
os GOpLay., Perm, 62409 Lele 20.64 6.95 5.4b1L Zoe 
4. Egypt, Penn. 60.15 22.90 Lee. ° 4.87 
5. Near Syracuse, NY. 65 <00 o7 Ge eee 6,62 2.10 4.99 
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taken from W, A. Smith's paper in the Mineral Industry I. 
. the MgO is included in the last figure given- 4.87. 
igh Valley, Penn. 1S as yet the most productive district. 
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The raw stone employed for hydraulic cement as cited above is dressed up 
to Portland gradé with pure limestone. Near Syracuse, N.Y. and in Ohio, 
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shell marls and ¢lay are used. * The industry wiki He doubt eros (in sene 
ct Tew years. For papers on the manufacture, see citations above under 
neral Literature, especially &. B. Newberry, aiso H. Reid, Science and 


of Manufacture of Portland: Cement, etc. E.& P.N.Spon-1877. Supple- 
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ments af Scientirfie American, Nos. 64, 64, 2dty, S50, 556, whiten are cited 
by d, C. Branmer in &@ Briel. paper in Geol. Ark. 2666.°11.° 292. 


GYPSUM. 

Gypsum is used both as plaster of paris (when calcined) and as fer- 
tilizer (when geround raw; t.e: fand=plaster). Fi is CasSOQe228-0 ate 
compo sition, but alumina, oxides of iron and silica sometimes contaminate 
it. The dark earth varieties are ground for land-plaster, and the white, 
pure material furnishes the cement. Clear crystalline plates called se 
enite oecur in all the quarries in minor amount and almost always some 
native sulphur derived by the alteration of sypsum coats the cracks. fure 
massive gypsum 1s alabaster and is easily recognizable, but the impure 
varieties closely resemble limestone. In the kilnsor rather pots the 
water 1s driven off and the resulting anhydrous sulphate has the strong 
avidity to reabsorb it and Set, that fives the mineral its vaiue, but the 
temperature of dehydration must not be raised above 250F. else the plas- 
ter will not set. Gypsum deposits are often in series Of Strata thaw 
contain rock salt and that have been formed by the drying away of isol- 
ated bodies of water, but it also seems to be formed by the alteration of 
limestone. ‘The gypsum beds of central New York have been referred by 
Vanuxem to the action of sulphurous springs Om limestone. This is how- 
ever hardly demonstrated finally. 

In the United States the most productive region is in the vacamity 
of Grand Rapids, Mich, Strata of Subcarboniferous Ase supply the ray 
stone from an area of 8 or 10 square miles. The gypsum lies from 2'-70' 
below the surface and in two beds, an upper of G' and a Lower of 12? Wath 


1l' of shale between. The lower bed is worked It is ereamy pink and 
sray in colors and affords both Land-plaster and stucco, Next in produc- 
tiveness is a belt in New York State, extending from the mouth of Cayuga 
Lake eastward. It is dark in color and is alk ground for lanc—plasver. 
The beds belong in the Sire for although referred to the Lower Helder- 
bere by S. @. Williams, it was because a roll or low fold was overlooked 
by Him CA.A.ALS,, Volos. 1240-7, tee] 

Iowa ranks third in total product. Fort Dodge is the headquarters 
of the industry and the quarries are situated along the Des Moines River 
in Webster County. The gypsum is of an age later than the Subcarbonifer- 
ous, but it is thought by C. A. White to be older than the Cretaceous and 


probably early Mesozoic. 

The plaster ae in Kansas is one of great and groving impor- 
tance. Ihe gypsum is. principakly produced in Marshall, Saline, Dickinson 
Sedgewick and Barbour counties which extend across the state in a slightly 


northeast line near the middle. All the product is calcined for plaster 


of Paris. Kansas now ranks fourth im “the total Gurpuc. 

The deposits in southvestern Virginia along the Holston River come 
Fifth The gypsum occurs in the same region with extensive beds of salt, 
and is thought by C. BR. Beéyad to bie alongs one or several great fault uio- 
sures in CarbohiferodS end Stasieean strata.it is ail employed ge a 


> — 
a 
x 


~= 


' mw ree Spann query 
tone Pin 5 
rr. i." 


es. 
— rs 
Sh ee 


a> SE yw ees 


' 

: ¥ 

et 

A> 

, z 

| 

+ 

rie M4 

() Us Wy 

pple . 
dips eS - 

: ns i 
eee ee 
ie ly 
{ set) ie 

ee # 
jh a 
Sh) k 
‘ Bae 
s) Me 
) a) ¥ 
1 Ves ay 
boa 4 
‘ : i 
Poe 4 
pie 4 
. { 
hy 
A 
nee 
ier 2 
ay yy 
\ iD a 
isd ‘ 
ty 
Po. oo ae 
* 7 1 
et. ; 
nag, 
fn 
4 , 
» 
“J 4 
tea 
i ‘ } 
1 ah 
OSS ot 
' 4 
apa 
hes 
/ Pina’ 
ey 
: : 
7 nhs 
{ 
bap! Oe Ph 
ty by. 
P ork 
trade fi 
a A 
‘ et 
ee | 
7 an | 
sie sa) 
i i 
ied 
Ue’ Seu 
1 
uh 
4 
rd 
al og 
» Al 
ae A 
wae 
Ye 
> 
. 
a , 
t 
4 Hh i 
mie 
' 
{ ° ‘ 
i" 
 é 
4 *) bar fi 
: i 
i 
' “a ue 
unt 4 ; 
‘Vaal 
Wah, ee 
? . 
4 ‘ 
nf" 
a 
fe" 
s 
ay 
re 
P 
‘ 3 
ks 
‘| Get 
i 
Wa 
v 
‘Lag 
oye, 
7 





Se = ? 4 ache 1 vs > _ - =~ 


at tg So eee Be es eer, 
ee 





ferti lager. 
The py oun distriet of Ohio centers about Sandusky, but the quarries . 
are at the town of Vy PsuM, ten miles west. The mineral 1s in strata af 


the Lower Helderberg. The bed worked is 7 feet thick and lies about 24 
feet below the surface, . The mineral is worked up into both stucco and 
land=plaster, about 40 % being applied to the former purpose and 60 to . 


the latter. The rock is of excellent erads and purity, pur this iste we 
is overshadowed by the output of the Grand Rapids region. 

Utah has become in the last few years an important source of the 
mineral, it beings found there in Juab,Beaver,San Pete and lron counties. 
Gomeiderandc plaster of Paris is es produced at Colorado City; near 
Colorado Springs,Colko.: and another resion deserving menvion 1S Santa 
Barbara County, Cal. Small amounts are quarried from South Dakota and 
Wyoming and the relative importance is shown by the following table of 
Prouuetion: 

Production of Gypsum im eg. 


(Short) Tone. Value. Tons. Value. 
lovee... lee 2 ALY | © GBS, 5Sem New York. wee 56,126 $65,392. 
KER aGes 22. Ee 2 AS 4 6od 163555909... Sout Dakota wick os By oO” ee aO: 
Michie. 2.5% sla8 124,590 SOOO i. Vine en ei erie IS ee. gee yOle 245 509; 


bares quantities of g@ypsum are annually imported into the cities of 
the Atlantic seaboard from Nova scotia. The mineral is derived from the 
Windsor and Cheveric. districts On the Bay of Mines. dts geéotogreak age 
is Lower Carboniferous. “The pest of it if @sreund at New York City and 
Newburgh, N-Y.,f0r terra alba, a cheap white pigment. 


CANADA. R.Brown. On the Gypsiferous Strata of Cape Dauphin, Cape Brevon 

s JOuUrnaL GeO. VOl_11. po2ze7, toe7, 

A,Gesner. On the Gyosum of N.S, @.3.-6.50¢, Vol.¥.p.le?. tet, 

T,.S,Hunt. Note sur les Sources Acides et les Gypses du haut Can- 
if ada. Comptes Rendus, June 25.1656. 
B On the Formation of Gypsums & DoLomite,Q.d.G.5.16. toe. 
A On some Reactions of the Salts of Lime and Magnesia 
i and on the Formation of Gypsums and Magnesia hocks. 
, Aud Oo" TEA 2s. LO eis Bes. 


J.B.Tyrrell. Gypsum Deposits in Northern Manitove;,Can.Rec.Sei.iit. 
? 5O6. ADPral 1669. See also diay Leso- 


IOWA. C.R.Meyes. Gyrsum in Towa. Monthly Review lowa Weather and Crop 
4 Service, [Vi No.o. bp.2-8v1695. Also Proc. lows Acage 
i sel. Is Ptraid, 1eee2 259m. 
C.A,White. Gypsum in. iowa. Geol.of lowa., li. 296. 
MICHIGAN. C.E.Wright. Gypsum in Michigan. Rep.of Commissioner of liineral 
‘ Statisties Tor pienigan, 1861 pp.d-20. bee also 
7 GO. Romi meer, ) Geol. Much. ili. 200. F 
NEW YORK. W.C.0larke. Gypsum Industry, N.Y. Bull.Niy. stave Museum fit. 
eo x Aprik, 795. Or 
T. &. Humt. On the Acid Springs: and the Gyostm Deposits’ of “Uhe 
P OnOndsee oealy itp. ~aoeue Lia % 
Ls Vanuxem. Gypsum in New York. Geol.of Third District,p.g¢c. 
0.G.Williams. Geological Do es of the Gypsum Deposits in 
‘ Cayuea County N.¥ Avdabu. IT Lig< 60. 21295 Seeeeise 
‘ A. Agen XXXTIL 402. 1884, 
OHIO. HE. Orton, Gypsum of Lamiepiestes (47 Um Geol.OQhio Vi, 686, 
‘ Compare Bleo Newserry, do, 12. 165. Hee Bisse 
ue MeoB. S87. SO6-ehere Orton's rater 6 Peary ated. 





$3 eA TE TTR areas 


Sts= a0 hen SS se, ieee ee ee 
_ 





CHAPTER Vi. WATER AND SALINGES. 


Any good treatise on geology will furnish the generalities about th. 
cireulation and storage of water. Dana's Manual, and Geikie's Textbook 
are especially to be recommended, and numerous instructive analyses will 
be found *~ Justus Roth's Allgemeine und Chemische Geologie,Vol Tt. As a 
brief -amilary it may be said that water is the universal solvent. As it 
percolutes everywhere throughout the rocks and soil, it gathers mineral 
matter in solutign and its action 18 much intensified by the COs which 2t 
holds in solution. The chief elements affected are calcium, magnesium, 
iron, potassium, sodium and silicon, Organic matter is also found but is 
rather of sanitary than geologic importance. The common salts in solution 
are carbonate, sulphates and chlorides. Limestones including the magne- 
sian varieties and calcareous shales furnish hard water, granites,slates, 
quartz sandstones and crystalline rocks in general furnish the purest. 
Lakes with no outlets, as the Great Salt Lake and others of the Great 


Basin, become strong brines. Some marine sandstones that still hold seéa 
water afford brines or at least alkaline well water. For large supplies, 
rivers are found to be on the whole the purest. In the analyses below 


the general range of various waters is indicated and a series is set 
forth from rain water,oceanic water,et¢e.,to rock salt,the final residue w= 


* 6 . i. ¢€¢ ew & © &. 8 (6 ite 2& CGoet We 1 Se. 4eBteee She Ss we (es Ge sete 65 & Eas Sere fe Ss ce WO ie Pw 4 Wt te (ss Wer @ -6 ¢ oe 6 4 -o 


‘Delaware River: accion: alam :Sagin: w: Rock Salt: 
Rain : . At, ee B00 -Ocean Average: Salt :Syracuse: Mich : Warsaw 
~ parts water : i. Hake >  -Beivies. (brings ts. 7 avs 


4% “CE 650% " Lao 


COa la Tf yet Cats lOuee Ss seve Whee 1 SS ,O06s. GoebT 
Ne O.64472 MeCO, O2L52 -) NaCh 92.665 21 6622 1555) 2 Teor Sasa e = 
Os Ov aS 7s Bee Os0S2 ot MeCien Oks L490 Op lee oe gWwesy ete2Z2er 4 
Bo 1 oO went Wan Si = £ MES 0p Gy eh6 0.982 - - - at et ee 25: Nak amy) As 
disselveds’ KaCOz 5 OuG29  Geocn Orie Q,085 Ob 7 0.098 1.464 : 
gases per: Naps == =a K Cl 140 e086 C02 = = a 
LECH: > Natl Oc,ORe 1 «Nabe 0 055 oe. aru os st Fey we ee 
K. Ca 0,002 i hieoti, = 5 OO. BS6 -_ = = ee ee 
51 Os 0.0884 Calis =~ = - - - as 2 GaSe < Wawa e 
Fe,O, 0.005:: MeBr, - - - - - = 0,002 <<. === Ghai 
 Med0s — o = ae) O.GO4 fi. Ge = ee (OMIA 


A eget of the above analyses brings out the fact that the car- 
bomates, sulphates and chlorides of the alkalies or alkaline earths are 


much the preter dephe: and most abundant of the dissolved mineral salts and 
of these in the end the sodium chloride becomes the chief.In this connec- 


tion G. K. Gilbert brought up an interesting point at the Boston Heeting 
of the Geological Society of America, Dec.1893, and which he has under 
investigation. It is that analyses: of recks indica aoe by ee and potas- 
sium in the earth's crust in practically eee “eet ,(respectively 2.28 
and 2.23 accordine to PF. W,- Glerke, Bullo7cy U6 8. BA. ) yet in alkaline 
deposits, brines ¢tc., the sodium 1a in ereat excess. -A possible explan- 
ation will be given im his Pires vee ae when published. 
140 
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Water in all parts of the world has a quite constant and definate 
level at which it stands below the surface and affords wells. This was, 


referred to earlicr in Sspeakime ©f the alteration of mineral veins. Decade 


Water also circulates along cracks and Tissures and where there is suf 
ficient head it is forced out at the surface, in the form of. egprings. —_ 
Joints afford the commonest water courses. Porous strata, such aS open 
sandstones which lie between impervious layers, also supply the necessary? 
conditions and are fruitful sources for artesian wells. Artesian wells 
are artificial springs and are of sreat importance in many portions of 
tne country. The several conditions of success are best illustrated in 
the paper by 1T.C,.Chamberlin,referred to below. These wells are of more 
importance in the regions of feeble rainfall such as the prairies than in 
the east although they are often economical as avoiding water rates. In 
thickly settled districts, if they draw their supplies from the immediate 
neighborhood,the water is only fit for steamior some such use. (New York) 
The necessary conditions for flowing artesian wells are a porous stratum 
with a higher outcrop to serve as conduit and reservoir, an impervious 
cap and floor on each side of the porous stratum, and no lower natural 
outlet. Synelinal basins afford these. In-driiline cases have occurred 
where a flow has been obtained but on deepening the well it has been lost 
This is due to making connections with a lower lying porous stratum with 
an outcrop below the mouth of the well. In such cases the well is 
plugged below the first poeous stratum. If the head is insurficrzent 
pumping is necessary. Artesian wells have attracted great attention in 
the prairie states and official commissions have been appointed in sever~« 
al to investigate the subject. They are of especial importance where the 
rainfall is slight and have been regarded as possible sources for irriga= 
ting supplies. In general the latter expextation has failed of fulfill- 
ment because of the. insurrficient.amount and of the Selines in Solution. 
The continual deposit of these destroys fertility as has been found in 
India where the waters were comparatively pure (Medlicott and Blanford, 
Manuel of the Geology of India, pp.415-415). 

The referencesgiven below will afford access to the literature of 
those Localities in the several states, Where investigations have peer 
carried on. Along the coastal plain much attention has been given to the 
subject and the séolesy is now fairly well outlined in its relations to 
artesian wells. They have proved successful in a great number of local- 
ities and being Long distances from any marked elevations have been ex- 
tremely serviceable for water supply. The principal drawback in connect- 
ion with all artesian wells is the occasgonal sulphurous or alkaline 
water afforded by them. Pyrite and much oOreanie matter im She 2OrsZo0n ci 
supply, and old branes contained in former marine deposits are the main 
causes of contamination. The wells of the coastal plain draw their sup- 
plres from various beds of gravel and sand from the Cretaceous upward. 

In the sparsely watered areas of the prairie states and of the Great 
Basin, artesian wells have likewise been of the greatest importance. 
Minnesota has obtained considerable from tne Drift, and from sandstones 

in the Lower Silurian and Cambrian. Many of the prairie states top the 
Dakota sandstone which outcrops around th 


6 Black Hills and Rocky Moune 
tains and seems to draw its supplies often from a surprisingly remote 
outcrop. It unfortunately too often yields a weak brine antwater too 
Saline for general use. The water may emerge under sufficient head to 
operate an inverted turbine. Kansas has wells in t%% sandstones of the 
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Dakota,Trias and Carboniferous. In Colorado, wells near Denver obtain 
extraordinarily pure water from Laramie sandstones. The general struct- 
ure of the foothills is favorable to wells. In Texas Sreat efforts have 
been put forth and the states has been carefully studied in these reza~ 
tions. The hopes that artesian wells would supply water for irrigation 
have seldom been realized, because the amount has proved insufficient or 
the dissolved salts have in the long run been deposited by evaporation 
to such an extent as to destroy fertility. | 


LITERATURE. 
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MINER L SPRINGS. are abundant in many quarters and are often of im- 
portance as medicinal apents. In these latter applications they furnich 
an important. CONtTFIbUtLOn tO tHe aSrinual amount Of mimeral resources. “UE 
late they have attracted not a little attention and have been esteemed o: 

sufficient importance to deserve formal destriptions at the Hands *r our 
seological surveys. In their geological relations they are not essential- 
iy d€atterent from Ordinary sprines, bute when they Gome Un 2a resvous m1 
gereat geological disturbance or of dying Teneous activity; they are of ce 
highly heated. The dissolved mineral matter consists chiefly of alkaline 
Salts such as carbonates, sulphates, .~enlerracs and the like, with at 
times alkaline sulphides, sulphuretved hydrogen, and even compounds Of 
iron and the other but less common materials. Silica is likewise fre- 
quently present and carbonic acid ¢as fives to many an agreeable taste. 


in their scientific relations mineral springs have a close connectign 
With the eet of the ore and gansuce Minerals and. in this conmecuTon 


they have been quite carefully studied. 

The best known rerions Of Springs in the east are Saravoea, Ny T. 
and the mountains of West Virginia and Virginie. Great resertus mave 
grown Up around cach. Im the central pare OF the cOUnUry, ene esxatrer 
Localities are very> numerous and in ifissouri and Arkansas the state sur- 
veys have issued special reports on the subject. The Yellowstone Park is 
the greatest of our Localities for hot Ssprines and their waidue and “ex= 
plosive variéty, the geysers, give them peculiar claims to gee Lie 


D 


terest. In Colorado, Idaho Springs, Manizvou end Gieivecd are well Knew 
resorts, while in New Nexica, es V6eas attiracks Visitors even from ue 
Hast In Nevada the famous Steamboat Springs have been important aids in 
Cne Interpretation ol ore deposits, and in Ca alitornia, sulphur Sank nas 
been of even ereater sisnificancs 
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im summary it may be edded that Prot. Paul Schweitzer has publianed 
if une Yeterence given below the followings classiiication oF rinera 


Walters = 
1. Murlatic Waters, GOntaiIniIng Chiecl ly Sodium Ghievide. ch as anc 
calcium and magnesium chlorides and calcium and Macnesium sul = 
phate, one or several. 
eo. Alkaline Vaters, containing Sodium carbonate or maenesium carbon— 
Aue. 
PULDNatic Vaters, cOMtaining One Or more sulpoe 
CONSTILLUCH GS. 
£, Chalybeate Waters, containing ferrouscarbonate and usually other 
carbonates and sulphates 
S. oulpnur Vaters 


ON 


as their main 
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RN. Brackett. Mineral Waters of Arkansas. Geol Surv. Ark .2e9ol.!. 
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fooch & WhitTield. Analyses of Vaters of Yellowstone Nac Park 
Bul. 47, 0. S. Geol. Survey. 
heCsFeale. Lists and Analyses of the Mineral Springs ef the Use 
BULL. 32. U, S. Geol. survey. 
Paul Schweitzer. The ttineral Sorines of Migsouri. NOmeon sury. lit aeo. 
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COMMON SALT: 

The chief sources of salt (Nacl) are ocean teers. salt lakes, sub- 
terranean branes, and beds Of rock Sait. The first “anced te Such = weak 
SOLUtiOnN that 1t has but Ssilignt use in this country. There aré works in 
the bay of San Francisco, which have advantages during the rainless sea- 
SOn of the Pacific Coast, but elsrwhere more economical Stpplies are ob= 
tained from other sources. At Tures I[sSiand im the West Indice the in] 
dustry 1S still kept up and an Occasional caree reaches the United Staved 
ealt Lakes are of importance in the rezion Of the Great Basin, and their 
dried bottoms or the salty strands left by their oS¢illations afford the 
mineral. Subterranean brines are obtained by artesian wells. Pney are 
elther old and more or less concentrated sea-water left entombed in mar- 
ine sediments, or else are formed by the natural leachine of beds of rock 
Salt and saline shales. The subterransan brines are the chist source of 
AMEYrl¢éan SUPPLIES, and they are often eek arerinealiy by ee one 
clear water to beds of rock salt and pumpine 7t up asain ae = Pre bring. 
Rock salt itself is of chief commerchal lee eee in central New York, 
Western Ontario and Houisiane. The Salt in the ocean Gas been with i 
tile doubt derived from the wash of the land and 2imost ai Large G@eposits 
ofrock sakt have themselves been deposited from more or less isolated 
bodies of the ocean. It was formerly customary £0 explain them as der- 
ived from bays or sounds Which had been entirely cut oft from the Bees 
body and which had been then evaporated. Oscillations of the coast and 
repetitions of the process were regarded as the cause of successive beds 
when accompanied in the long run by a general submergence. The develop- 
ment of deposits of vast ¢t! nickness, and of fairly pure rock salt has made 
this Simple explanation Seem unlikely. At Petite fnse;la., over L000 Ft. 
have becn penetrated and in Prussia as much as 4000 ft. AS it would re- 
quire about thirty to forty times this depth of sea-water to provide the 

(146) 
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amount Of. sat, tsolated ee nts seem Peel tO ObjJeotions...Pro’.,carl 
Ochsenius suggested however some years ago an ie a Chat Seems to 
fit the case much better. He conceives of a ee of sand or some such ob- 
struction off the mouth of an. e@Stuary. Provided That the eauiary 15 ot 
subject to excessive inflow of fresh water from land drainage, it would 
aevaporate and. be kept Tull by .puitlow from the o¢ean Over the par. the 
more concentrated brines would sink and the inflow itself from standing 
on the shallows of the obstruction would also be exposed TO concen rari, 
In time the lower portions of the Waters .in tne estuary would reach the 


2. 


Stage of the precipi tation of gypsum or anhyar rte and Leter on Of FocK 
Ky influs of fresh brine srotld yield a small “bayer of sypsua oF 
anhydrite and in the end @ SAhiek bedpechieriy + a salt would resi, 
Limited Omby by the orieinal wep estuary, -or by this and the 
progressive submergence of the ec t and the continuance of favorable 
conditi ons. - The residue 6yr pavers ‘would contain the Most soiwpie 
Salts which 12 pre win va aoc. WOULd wield & Final upper 2 
O 


ayer containing 
the magnesium and potassium compounds, etc. This layer is 


seldom pre- 


served for the Stassfurth district is almost the only large example. In 
this country it has not yet becm met American deposits yield little 
alse than salt and gypsum. “AL? through the ceries of precipivaped Yeds5 
layers of argillaceous sediment are to be expected, from the periodic 
floods. of inflowing streams or dust blown by Winds. There are also, pose 
Sibilities of some variations in the chemical relations of the tayers, 
as is set forth in some detail. by Ochsenius in the second citation given 
below. This explanation, uwsually called the’ Bar theory" 1s Worthy oF 
much confidence, and has illustrations now in progress. 

Posepny in the citation below has advocated the accumulation of salt 
in the desert regions of our western states from having been blown in as 
fine dust from the sea. As is well known, breaking waves dash spray in 
the air and leave finely divided salt in ae leg ae but that this ever 
gives rise to deposits of any size is extremely doubtful. 

LITERATURE. GENERAL. 
fT M.Chatard. Saltmakine processes in the Ui S.. 7th Anm.Reo. Direecer 
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FE. Engelnardt Genera Py pe Und OUP. Jan. 2.16902. pesto. Bec. 
C.A.Gaessman SOontributions to the Chem. of Common Salt With particular 

refersnce to our eS resources. A.d.O. Li. 40; 7o, Bec- 
T.S.Hunt. On the Extraction of Salts from Sea-Vater. 2.0 .c,21.45.058. 
C.Ochsenius. Die Bildung der 5St eenaqiein ager Halle. L677. 

‘ Bedentung des orographischen Hlementes "Barre" in Hinsicht 
auf Bildungen und Verdnderungen von Lagerstatten und Ges~ 
teine Zeitschée. f. prawt: Gesdiogie. May.1e9o. Lev.dume.ciy. 
The paper cites earlier ones. 

F.Posepny. Zur Genesis der Salzablagerungen, besonders Jener im Nord- 
Amerikanischen Westen. Sitz.d.k. Akad. d. Wiss. Vienna. LxXxvl. 
July Lory, 
N.S.Shaler Note on the Value of Saliferous Deposits on evidences of 
former Climatal Conditicns. 5.5.0.8. 24 560. 
Toula valzeebires und Meer Vienna: Lé?.. 
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Produceion in P89S, if Barrels of 2eo- ipa. 
New York- - - - 8 vest Virginia- 0; 756 
Paichiean-~ - = =. 3, . LOULSiana- - - ~ . £50 
Kansas- - - - - lL G9, LexaS- - - - - - = 126.) + 
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Pennsylvania- - 269.545 12. Nevada - - - - - - 6.509 
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Total 11.816.772~--value  $4.054.668. 
Statistics from the Mineral Resourcées-1893. 721. 
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Brines were early developed by the p } rs of the eastern 
states because as they left the coast sal 2 one of the prime nec- 
essaries o ife. Recoeds of thea brines at Syracuse dats pack to 1646, 
and when developed in fairly large degree, over 150 years later, the 
wells were acquired by the state lest so indispsensacle a substance should 
fakl into, the hands of a monopoly. Natural salt sprimes or “salt Peck" 
are not uncommon in the Appalachians, and the earliest wells drilled for 
brine led to the discovery of oil and gas-(see p.99.). The statistics 
indicate the rélative importance of the producers. Of these, New York 
Kansas and Louisiana have great beds of commercialiy developed rock salt, 
and with these should be mentioned Ontario, but the others are largely 
dependent urcn brines. 
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GIEERATURE.. NEW YORK. 
-— = - = = = = = + =~ Salt Deposits of N. ¥. E.& Bi Jour. Peb 16697 2435, 
- +s. - = ~ = = = HLY.otate assembly Documents "1883 .Vol. PIT GO sOo-p ets 
Vol.V. NOQ.34 Also all the Annual Reports of the 
Commissioner of the Onondaga Reservation to the Leg- 


islature. 


I,P.Bishop. bth Rep't. Of State Geoloeist.- N.Y ,1685-p.i57 “secs 
F.K.Engelhnardt. Report .t0 the Sup't.Qnondage Salt Reservation. Syra- 
Guseé. Jan, tI2tn,teyl.” Ree. 
Joshua Forman. Remarks upon the Salt Formation ciSalina N,Y. and 
other vpileces. Aviso. Lf. LY. Bee 
C,A.Gaessman. — ace on the. Brines of Onondaga- Syracuse Dec.6.1662 
m Rep't,on the Manuractuore of Selar Gait from them= do. 
. Deoutinee. LEGS. 
e Contributions to the Chem.of the ifineral Springs of 
Onondasa. N.. Yer A.J +S. Tr Aa ee SeSrene 2a ari. 
J Macfarlane. . « Discovery of Rock Salt at Wyc.in Vestern N.Y .oyracuse ee | 
| Journal, June Avte, LoTS. Asd.S LITE: AVES Bee Pe 
El ant). y Pee LOUR Ll gs salt and sypsum Industries OF NY. uli. D.weetace A, 
Muse tt Nowli “Aerik eee. Kec. i 
J.8o.Newberry Rock Salt Deposits of the Salins Group in YVestern Ney cA 
York. Trans N.Y. 26ad=S@1%1569=~90.n.¥01.I% p.o9. a 
4 > Salt Deposits of N.Y. Geci. Position cco, iyi. Acad. i 
Sei. 1864 .-S5 p.54, “B.& 1, Bere Bee i 
Csoerrosser. The Thickness of the Devonian and Silurian ROCKS Of sf 
Western Central New York= Amer. “Weol. Vi. 122. ae 
alt 
ww: ek em, ye ye ee ee ee ee \ 
NEY YOSZ. The salt of “ey York is all Ghtained from-the beds or the a 
salina Series It exists in these as rock salt in vast amounts vhicn iy 
have only lately been opened up The beds of fhe Salina, like o2¢ aeso= na 
siated strata have # southerly dip of about 2e to 40 Peet tO She mize, ii 
Leo} Me 
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Their outcrop nearly follows the’direct lLine~of the New York Central R.F 
from Syracuse to Buffalo, but of course is only shown by shales from 
whien the rock salt has been leached, From 25 to S60 miles south of thas 
the wells have struck rock Salt. the ereatest thickness yer, Found is at 
Ithaca where some 252 feet were cut in 8 beds, the uppermost 2244 feet 
from the surface and the Lowest 2672 fT.. Some 20 miles north a salt 
works is now in operation at Aurora and 75 miles west in the Genesee ane 
Wyoming valleys some extensive mining by shafts as well as pumping from 
wells is in operation at Warsaw, Piffard and other towns. One of the 
most interesting developments is in the town of Tully some 20 miles or sa 
south of Syracuse. Ths Solvay Co., of Syracuse have sunk about 20 Wells 
from 1000 to 1500 ft. deep. They bring into thése fresh Water from 
Crooked Lake with a fall of 500 ft. It Sinks in the wells, rises of its 
own pressure as saturated brine and flows to the works in Syracuse some 
500 ft. Lower than the top of the wells. The brines controlled by the 
state are obtained from bore holés which are sunk 300 to 400 ff. in gray 
el. The gravel isignm the filling of an abandoned river channel, a relic 
of the post-glacial drainage of the Great Lakes out through the Mohawk 
and the Hudson and as it cuts the outcrops of the Onondaga Salt Series 
(i.e. The Salina) it is filled with the brine which percolates from them. 
This brine is weaker than those from the rock salt wells and as a result 
the state has offered its reservation for sale. 

MICHIGAN. Rock salt in the Salina strata has been found on both 
sides of the Lower Peninsula at depths ranging from 1600-2200 ft., but 
the great source of brine is the Napoleon Sandstone of the Lower Carbon- 
iferous. It is a taxonOmic coulvalent of the Berea Grit of Olio wWhier & 
later mentioned. The most productive region is around Hast Saginaw on 
Saginaw Bay, an arm of Lake Huron. The brines of Bay City are peterred 
to the Coal Measures. The success of the industry is due to the cheap 
fuels which the lumber mills furnish in waste slabs, sawdust, etc. Up to 
recent years the output of Michigan salt has been much in excess of any 
other state, but the developments of New York rock salt has now placed 
it far in the lead. As noted later under Bromine some Michigan brines 
contain notable guantities. 
~—— —-—'=- —Geol Surv.of Mich. 2il. 1876-76 App. &. poe. 
~ +--+ += + =Mineral Statistics of Mich. Annual Volumes aiter 1862. 
A.Winchell. On the Saliferous Rocks and Sait Springs of Mich. A.d.s. ii. 

o4. 807. Also GedLlosical Studies. Chapter on Salt. 

ONTARIO. In close geological relation with those of Michigan are 
the deposits of this province. Great beds of rock salt have been shown tx 
exist in the Salina strata under the town of Goderich Which is opposite 
and south of Saginaw Bay on Lake Huron, 156 ft. of salt were fOund jn siz 
beds, beginning at 1028 and ending at 1400. The salt is developed to a 
considésrdble extent for the Canadian market. 

John Gibson On the Salt Deposits of VW. Ontario. Pai.0. 721i So. Sor 
C.A.Goeégsman.Salt Resouress of Goderich,Ont. Syracuse,fluy. Jan.16.13866. 
O.d Heinrich. The Manhattan Salt taney Goderich, Cams Bieta. 225. 

fo shale Rep.on Goderich Salt Region. Geol /Sury.Can. 1870. 

2 Goderich Salt Region. Gan. Geol. Surv, 2876-77 ».196. 
DistTict CUntario.* Moe. Vo bec. wee also 
267. 69. 

Stics ef Canadg@ian pai. Can.Geol.sSurv. 
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OHIO. The Ohio, brines iike the oLl,. 6455. and buiidin=e stone of the 
eastern portion of the state are derived from the Berea Grit of the Sub- 
carboniterous. The wells are situated in the eastern central portion and 
usually in the neighborhood of coal with which they are evaporated. 

Meigs, Tuscarawas, Columbiana, Guernsey and Morgan counties contain the 
plants. The brines are not specially strong or pure and are severely 
crowded by the Michigan and New York wells.Some are productive of bromine. 
W.J.Root. The Manufacture of Salt and Bromine. Geol.Surv.Ohio, Vol.ViI653 

ILLINOIS. Brines are obtained from Lower Carboniferous strata in 
several counties and are utilized to a small extent. They were formerly 
of greater relative importance. Local descriptions,now rather antiquated, 
will be found in the chapters of the state seological reports on county 
geology. 

PENNSYLVANIA AND WEST VIRGINIA. are in close geographical and geol- 
Ogical associationswith Ohio. In the former the brines are utilized in 
the western portion and in much the same district that supplies o11 and 
gas. The lower oi. sands ‘are the chief productive horizons. In West Vir- 
ginia the plants are mostly located along the Kanawha Kiver and in Mason 
Co. on the OhioFrom both these states supplies of bromine have been ob- 
nye 

w.otieren. Observations on the Saltwaters of the Alleghany and Keske- 
os te Valleve. vA. d acllara4ae 465 
The Mountain State-Pamphlet on the Resources of West Virginia. Distrib- 
L uted, at. (Chteace , LEIS.) +15 

VIRGINIA. Beds of salt are known along the Holston River in the 
southwest corner of the state. There is some uncertainty about their 
geological relations. C.R.Boyd thinks they lie along some great fault 
fissures in Carboniferous and Silurian strata. Lesley speaks of them as 
Tertiary. The same region was mentioned under Gypsum, p.138. The output 
is Bot. greav. 

C.K, Boyd . Resources of Southwest Virginia. 

C.B.Hayden. On the Rock Salt and Salines of the Hohston A.J.S.I.XLIV.173 

H.D.Rogers. Report on the Salt and Gypsum of the Préston Salt Valley and 
Hols tone Rivers Vann -BOStOn. 1854.4. As.d¢04. EL. 0 Rit 27. 

KANSAS. The greatest recent growth of the salt industry is in Kan- 
sas. (From 75 toc 250nf¢..01 reer salt have been found at depths from 450 
to’ L000 ft. and in the following. counties, ELisworth, Rend Kingman and 
Barton, shafts are-in Operation in the first (town of Kanopolis) the sec- 
ond (Lyons) and the fourth (Kingman). The salt lies near the contact of 
the Permian and Triassic. Mr. Hay gives a good section in the American 
Geologist, V. 65. The counties form a north and south belt in southern 
central Kansas. 

E.H.S.Bailey.On the Newly Discovered Salt Beds in Hllsworth Co. Kansas. 
Kansas Academy of Science, XI. 8. 
Rt ay « Salt; its discovery and manufacture in Kansas. 6th Bien.Rep. 
Kan.State Board of Agriculture.  Amer.Geol. IV, U9. 
‘ Notes on a Kansas Salt Mine. Amer. Geol, V.. 60; 
: Geol.of Kan.Salt. Separate reprint 1891.S5Se6 also M.R.1SS6 
607. 

LOUISIANA. The well. known rock salt bed on the island of Feéetite 
Anse, near New Iberia, is one of the largest deposits in the United 
States. It is on the shores of the Gulf and lies in greatest Pare Delo 
tide. Drillings shor a 
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enormous output but up to the introduction of recent improvements it 

caked after grinding and hence labored at a disadvantage Its gedlogical 

age has been variously called Cretaceous, Tertiary and Quaternary. Re- 

cently (April 1895) other deposits no less extensive have been reported 

on @ neighboring island, and brines are not infrequent further north in 

Louisiana. 

H,¢.Bolton. Notes on the Sait Deposits of Petite Anse.-La. " trans. N.Y. 
poad, Bel. -Vik, DP. ee. 

C.A.Goessman.On the Rock Salt Deposits of Petite Anse, La. Amer.Bureau of 
Mines .-@ls0 4.27.5. Ll. XbIiI. 264. 

E.W.Hilgard. On the Geol. of the Miss. Delta and the Salt Deposits of 
Petite Anse.-A.A.A.S. 17th Meeting. Published in Abstract in 
Aid... IF, AUNT. 7%. See aise Mies eeo" ho. 


Jos.Leidy. Notice of some ilammalian Remains from the Salt Mine of Pe- 
tite Anse.La. Trans .WagnerFreeiInst.of Sci.Phila.Vol.11.35-40 

KR Oven. On the Deposit of Rock Salt at New Iberia,La. Trans.St Louis 
AGA ,oC1, “LI. 250. lvoe LES Role Weur, 

R.A.Pomeroy. The Petate Anse-Selt Mine.- foe RVIE. 207. 

Petiz Anse Mine. i -e& M. Jour. 0ct.6. 1568. ° 0.280. 


Vermillion. Rock Sad. Mine at Petite Anse. La, A.dvo. il. S6,. S06: 

TEXAS. Both brines and rock salt are known in Texas and ars util- 
ized extensively. Beds 140 ft. thick are cut at Colorado,Mitchell Co., 
on the Texas Pacific R. R. in the northwestern portion of the state and 
the brines obtained from there are pumped up by windmills. The salt is 
1Q00 ft. down. The geological age is Permien. Various salinées occur 
elsewhere and are Jocally important. 

W.F.Cummins. Salt in Northwestern Texas. 2nd Ann.Rep.Tex.Geol.Surv. 444. 
Other volumes of the survey contain occasional local mention. 

UTAH. Much salt is obtained around the shores of the Great Salt 
Lake. In dry seasons and with falling lake level it is precipitated on 
the beaches as a natural mineral, but in the commercial production shal- 
low ponds are walled off on the beacn, and are filled with the lake water 
by pumps. Solar evaporation ensues and at the close of the dry season 
the crop is gathered. On account of the variability of the weather, es- 
pecially toward the close of the season there is some uncertainty con- 
nected with the business. Nephi, Juab Co., and Salina, Sevier Co., both 
south of the lake afford beds of rock salt that are the basis of quarries 
Mineral Resources. 1888. 605. 

CALIFORNIA. The chief portion of California's very considerable 
output is obtained from sea-water on the shores of San Francisco bay. 
Ponds of fifty acres or more are cut off by dikes and filled about once a 
month at high tide. As the brine concentrates it is pumped by windmills 
into interior ponds and. finally the salt is obtained, and the bivterns are 
run off. It is used. as domestic Salt and for the chlorination process 17 
the gold region. Salt is also obtained in the outlying portion of the 
Great Basin that reaches into southern California. The district dies be= 
low sea level and was flooded a few years ago by the Colorado River. 
Salton is a productive point and further south at Dageett in the Mojave 
desert rock salt is obtained for Arizona metallurgical works. 
iineral Resources. 1885. 480. 


VIII Annual Report California State Mineralogist 30,1868. xi]. 1394.406. 
In Nevada from the salines of the Great Basin resion small amounts 
are obtained, which fluctuate with the prosperity of the silver Mines. 
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On San Domingo, in the West Indies good beds of rock salt-are known, 
and along the west coast of South America there is an abundance in many 
places, aside from oceanic brines. 

JgigGiobon. A visit to the Salt Works of Zipaquera near Bogota, New 
Grenada, Bad Ji. AOI. 62. 

Robt.Peele Jr. A Peruvian Salt Mine- S.of M.Quarterly. Apr.1894. 219. 
F.Ruschhauft. On the Salt Mines of San Domingo. Alxedgeo.Q.J.G.5.XXV.256 
Reference should also be made to the Suropian salt deposits. In 
England the industry is an old and important one especially in Cheshire, 

east of Liverpool. Until recently great quantities have been imported 
into the United States. The brines are chiefly Triassic. On the contin- 
ent are the most famous deposits of rock salt in the world. The deep well 
at Sperenberg near Berlin pierced some 1500 meters, nearly all of rock 
salt of the Permian (Dyas). The Similar beds at Strassturtha are S30 
meters and contain in their upper portions t*é potassium and other salts 
earlier mentioned in connection with the "Bar theory" of Ochsenius. At 
palgburg,.in. the Tyrolese Alps, aré sreat peds, Of Much historic inverest 
and often visited by tourists. They belone £6 the Keviper of the Trias, 
At Wieliczka, in Poland, Tertiary rock salt is reported at over 1400 me- 
ters. In Algiers and many other points in Africa, and likewise in the 
far hast, other rich deposits are not Lacking. 
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The manufacture of bromine is auxiliary tO the salt industry and is 
carried on where the mother liquors contain this element in sufficient 


quantity. In Ohio end at oyracuse, N. ¥. €he primes and picverns or 
pickle have the following composition: - 
Canal Dover-O. Pomeroy-O. >. pYFacuse; N.Y: 
Brine Bittern Brine Bittéeriea: Brine Pickle 
Water 89.545 BS. O60 90.472 69.000 1 86.8747. 76,6455 
SOlids 10.455 9 528 9 B26 o1,000 >. $6,4253 | hO.60L2 
COMPOST tion of SoLids. < 
TaCl 71.6465 OW bee Co wel o 7.605. - LbeBOlT 2evreoe 
MeBr up tae -D9R O27 Bee 0024 .0039 
Nal «OLS .024 ;OL2 ~0S7 5 = = 


The two Ohio analyses are from the Geol.Surv.of Ohio, Vol.VI. pp.662,665. 
It is to be noted that the last three values in each colt=m are percent— 
ages of the total solids and not of the original brine. The analyses from 
Syracuse are from Bull. N.Y.State Museum. [1].NowLL:p.4i. and the fast 
percentages refer to the original brine. For a rough comparison with the 
corresponding values under Ohio, they should be multiplied by 6. Even 
with this increase, Ohio brines will be seen to be much richer in bromine. 
According to the Mineral Industry, VolLLIL. p.7S,; the folilowins bs wie 
production for L69S-in-peunds , 
Ohio. Penn. We _ Va. Mich. BO bal. 
LOIS ===LES L675 66 1 AOS £5 80.852 42.568 548.3899 
The price ranges irom 25-55 cents. 
At Pomeroy and Canal Dover, Ohigy, Midland,Mich., and in Pennsylvania 
and West Virginia salt districts mentioned above, the bromine is a by- 
product in the salt industry. Details of the methods of manufacture will 
(150) 
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be Tound ian the paper cited below by W. J. Root. No attemot seems to 
have peen made as yet tO produce Lodine in this country. 

Wid, Root. the m'i'ttr. ar salt and Bromine im OHS. “Geol ser CVT 5s. Pec. 
Statistical and descriptive papers also appear in the volumes of the Min- 
eral Resources and the Mineral Industry. 
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SODIUM CARBONATE OR SODA. 

There are two places in the west where carbonate of soda is produced 
from natural sources, but in addition to these, it is known im many other 
localities in the arid region of the Gréat Basin. At RAGTPOWN NEV. there 
are two ponds, which together are rather less than 500 acres. One of 
these is filled with water and the other is dry. Both were regarded by 
the gsologists of the 40th Parallel Survey as spring basins, but Russell 
has since shown that they are old craters. They probably received their 
supplies of sodium salts from the leaching of the soda-lime feldspars of 
the igneous rocks. Analyses of the waters of these and of two other 
lakes of pressnt or prospective importance are appended. 


Ragtown. Owens Lake. Albert Lake. 
~“pecific Gravity 1 O95 1.045 PA oLs7 
The Solids Contained. 
LONG 24 OP gs pee 
MgC02 73 36 A teee aa ts 
Ree oa fo 3.44 DW 
NaCl 00.44 04.60 54.56 
Na ,S0,/ 14.86 18.45 2.68 
Na,B,0, meal .39 ---- 
Na 00, 13.08 54.33 27.09 
NaHco , eck Ghat 8.20 12.44 
(ALS. Cs [= - 005 -- = 5 
Cag ~ -~ -— - ~O9 a a ie 
Ragtown- by Chatard, Bull.60, U.S.Geoi.Surv. p.49 spec.grav.at 19.8° C 
Owens Laks- do. ade. 55, do. Specweravyy Ato Ess? Cy 
Albert Laka- do. do, 55, do. Bpee.eRav’ as Bees? Cs 


It appears that all have common salt in largest amount, followed by 


the two forms of carbonate, by the sulphate and various subordinate salts. 


Of these the sulphate is the most objectionable in the processes of crys- 
tallization. At Ragtown, in the Big Lake, the brines are impounded,evap- 
orated by solar heat, and transferred from vat to vat as the concentra- 
tion increases until the final crop of erystals is harvested, aitver which 
the mother liquors are run back into the lake. Essentially the same pro- 
cess is followed on a much larger scale at Lake Owens. At Little hake, 
Ragtown, the solid deposit left by previous natural evaporation is redis- 
solved in pure water and evaporated by solar heat, through the summer. 

As’ cold weather sets in, the chilling of the solution causes a crop oF 
crystals, called "winter soda" to deposit. Their composition is Na,00; 

O H,O as against the so-called "summer soda" of Big Lake, which has a 
composition of Na,C0O, ,NaHCO, .2H.0, or of the mineral urao. The economic 
yoints of manufacture are fully set forth by Dr. Chatard in the reference 
given. The product of the Ragtown works has reached 750 tons yearly, but 
Chatard thinks. it could be doubled. 

T.M.Chatard Natural Soda. Buti.60, U.S.ee0l. curv. oes. pier. 


OC INE 40th Parallel Survey,Vol.I. p.510.See also A.Hague. I1.746. 
I. 0. .Russell.Geol.Hist.of Lake Lakontan. Monosraph Xl. U.S.G.0, Pero 
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OWENS LAKE, CALIFORNIA lies in Inyo County in the southeast portion. 
surrounding region belongs Go the Great Basin and réeio0m, but the lake 
Ltsel® is -LY miles lone, 2 miles broed and has a maxim detun or 5. fe. 
It 1S without an outiet and is supplied by the Owens River and various 
smaller streams. [he surroundings Country is volcanic ang hat Spranes are 
not lacking. Beyond question the leaching of the soda-lime feldspars in 
the volcanic rocks has been the source of the soda, Show by the analysis 
g@iven above. Extensive works are situated On. tne Lake amd. the anwua 
product of soda may reach beyond 200: tons. Oscar Loew of Wheelers Sur- 
vey estimated that the lake contained 22,000,000 tons sodium carbonate 
and if aS the Larcsest source of supply yet dasecvercd im this count 
The process of manufacture is well described by Foster in the reference 
Cited. 

TM Chaterd.. Naturad sede. Bbulil,60, Uls.G von oF. 

K,L.N,Foster, Production «of Carbonate of Soda Prome the Alkali VWavers of 
UWens bake. '£oOlo,.8en,500e. Ll. 246, 

W.A.Goodyear. On Owens Lake VIII ann. Rep. Cala S pe baee tim, gers 


See View of Works ifn ALL Gos bp, 410% 
O.Loew. Wheelers Survey Bonore fOr Leros Leu nd ede 


T.C.Russell. Geol.of Owens Lake-8th Ann. .Rep.Director U.S.G.5. 294. 


ALBERT LAKE, OREGON lies in the sovtheastern part of the state and 
Within the area of the Great basin It IheS intone of the troughs formed 
by @ series of step-faults in a lava Sheet RUSSseti"s map SHOWS 1 bo be 
avout 2D miles Lore by Zour ~cproad. 2a: ats EES part [tT Paverages Gen 
feet in depth An alyses of samples naving a SpeCLPLc sravity of eel 
at 19.& degreesC indicated about 4 % of ie of which nearly 40 % were 
the mOnO and bicarbonate. of soda,.with Low s0gium Sulp mets. “fic takers 
as yet too remote from railways to be of commercial valus 


In the desert region of the Great Basin in Nevada, Oregon and Calif- 
ornia are numbers of solid saline deposits, usualiy Varyines Mixtures Of 


& 
the same ae Salts that ars given in the analyses above. Dbists of 

the oem ape With analyses will be found im Chavard's Dapper pp2oo-5G. 

The ener ee and hydrate are manufactured from sulphate beds in Wyoming 
as eae under the next topic. 

Hos Beads, On Adbert Lake... A.desSer bist = 22 275. 

T.C.Russell. Om Abbert Lake. -Fourth Anwual HERONS Us 8. Tee "%G. “ASO. 


VENEZUSLA . in the province of Ue acaioes forty-eight miles from 
Merida is a small lake as described by Faxar (quoted by Caen Sea igo as 
600-700 feet long pe about 6b0 Eee Got over 9 or 10 feet deep. In 
warm weather urao Na ,CO.,NaHCO.4+-2H.0 erystallizées on its Bottom and is 
crought up by divers. The supply fs 25-40 tons a wear. JAG) Juee alka ie 
ine deposits are frequent along i West Coast Of SOUTH America wacy are 
chiefly of importance for nitrates under which head they will Oe men- 

Lt OMee 


TM, Cne tard. = BULLe Gin 60. Uses agce to oan. F2c. : 
. . r - ted =< Th T i 
Pe Hamer. Ann. de Chimie. ser. bl. VolsIi, 482.°70253 20) Vila 
The natural carbonate is obtained abroad at Szereedin, Hungary, i” 
Eeypt, and in Armenia. & brio? sketen Of waren with blo llegraony will be 
found in. vaaetaerd Ss pacer 
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SODIUM SULPHATE. 

This compound has been often mentioned above as an associate of the 
carbonate both in the solid deposits and in. natural solutions. 10 ae oF 
chief practical importance in Wyoming, in which state Lt forms important 
deposits in several counties. The ones earliest developed are in Albany 
County and the most inportant lie southwest and west of Laramie. They 
are called the Union, Pacific and are connected with Laramie by rail. 

The so-called soda-lakes are dry in summer but have a thin sheet of water 
in Winter. The chief compound present is the sulphate, and the process 

employed to utilize it was calcination with coal and subsequent leaching 

of the carbonate according to the familiar soda ash process. Some tech- 

nical difficulty ensued, said to be the removal of the water of crystal- 

lization and the works are now idle. Caustic soda was at one time made, 

but the chief product has been used in glass manufacture. Carbon County 

and Natrona County also have lakes. 

WC Kntebt.. Buli.d4. WyowAerie. Expt Station Cer.13e95. petro. 


LaDi.Ricketts.Ann. Rep. Geol.of Wyomine. Less-168e9. Cheyenne 1890. 
See also Minéral Resources-Annual volumes,especially 1885 
550, - - = = = = eee eee ee ee 


SODIUM NITRATE, (and Po:assium Nitrate.) 

Sodium nitrate is the chief natural product, potassium nitrate being 
far less abundant. The former is called nitrative in strict mineralogi— 
cal nomenclature, the latter niter. The word saltpeter is most correctly 
applied to the potassium salt; while in distinction, the sodium nitrate 
is called Chili saltpeter.” The vrocess of Hitriri cation 2h hasure as 
somewhat obscure but it has been shown that nitrates form on exposed 
crags and thence pass into the general drainage in very small quantities. 
Where, however, guano or other nitrogenous organic matter is in associa 
tion with alkaline deposits, and in dry climates, the largest amounts are 
produced. The excrements of bats and of other animals in caves lead to 
a similar reaction in the cave dirt. Cave deposits have been a minor 
source of the mineral in several places in this country, of which the 
Mammoth Cave is chief. Nitrates also form in surface soils exposed to 
decaying organic Matter. 

In the alkaline deserts of the west, saltpeter is not entirely lack» 
ing, although it does not yet appeat demonstrated that the deposits are 
workable. The mineral is known at Forty-mile Desert, Humboldt Co., Nev., 
but has not yet been developed. Small amounts have been shipped from the 
Calieo District of San Bernardino Co., Calkiformia. Discoveries Have azce 
been reported from Springville, Utah Co., Utah, and near Milford “in 5ea- 
ver Co., Utah, and in Southern New Mexico. 

The principal source of sodium nitrate today is that portion of 
Chili lying imland pe Iquique, along the northern coast near the Peru- 
Vian line. The'resion'ads practically rainiess and is nou. Kast of the 
range that forms oe rampart of the coast, is an elevated valley forming 
the desert of Atacama which lies between the coast range and the Andes 
proper. On the western slopes of this valley are enormous deposits of 
sodium nitrate. The crude material is called caliche. and contains about 
oo, of the nitrate, mixed with common salt, sodium sulphate, water and 
insoluble materials. Great beds of guano also occur and it seems proba~- 
ble that the reaction of nitrogenous products from these on the usual 

sodium salinés have produced the nitrave. Chali exports neariy a millisna 
(153) 
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tons yearly, of which rather more than 10 as brought to the Jnited 

States. 

Chitwan Ihtretes. EB. C Mee Jour. Aue ie25 ty i866. -June 22end eee . 

Ine Hitrate Deposit and Grade of Chilivw By @ ihe Jour Auve,o.1390 164. 
after a reeent report by Cons Gen» Valver. 
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Sore Glee The Nitrate Deposit of Tarapaca. Harpers Weekly $3p.13.1890. 
LEGS) © REE, 

W.Ovbay . Articles on Potassium Salts and, odin Oa oe ite Me Rowe cs, 
644-657. See also HM, R. LBSe.. S37" BOS. 

Bae Grey | Om Ni trait pemtion.. Omi thson tan. \Contr i batione.. 1.632. 

Krai t.. On “Oni ZOLEsene od. daGechs Ges; AVLPIy ho0n 166. 

We eC Or otudie der Salpeterwueste und ihrer Industrie. Mitth. aus 


dem Naturwissen. Verein f. New Vorpommern und Ruezen in 
Greriswakd. L892 358 oy Good papers May be Pound. im. Library 
NI Yi wead. Sciences 
Noellner. On Ohila. Jour. £2 8rakew (Chemie Gli »459 ¢ 1667, 
C.Ochsenius. Die Bildung des Kalisalpeters aus Mutterlaugensalzen. Zeit. 
£. pyak. Geol. Febs1S93.. 60 


As.PISsis. Nitrate and Guano Deposits in the desert of Atacama. Lon- 
don. 1878. 
A.H.Worthen. Saltpeter Caves JacKeson Coy Bis osgeol. Jibs, fib. 204 
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BxOcek AA, 

This useful product is obtained in the Great Basin rebion.-as are 
the previously mentioned salines, and is of an importance that increases 
yearly. Its earliest source in Am nerica was native borax or tinkal 
Na.0O. 2Bp Or +~- 1OH,O with Ba Ox. OG os lt occurs wWithother alkaline salts 
in saline ee which will be s tiy mentioned. With it are tufts of 
acicular “crystals of ulexite or “co tton=ball borex"; a caléiun sodium 
borate, NaCaB,0, + 5H,0, with 350, 49.7 %. This is less easy to treat. 
More recently very extensive deposits of calcium borate, have been devel- 
oped im the Calico Grstrict of San Bernaerdinogyo. pia eae and in late 
years they have yielded the greater part of the borax. They appear to be 
Old lake or marsh deposits that have been tilted up at high angles by 
folding so that they are now mined by underground workings like any vein. 
When well crystallized the mineral has been called colemanite, but in the 


massive form priceite. It needs subsequent treatment to changs it to the 
sodium borate of commerce. Pandermite from Asia Minor is a closely re- 


lated calcium borate. Stassfurtite produced in small amounts at the 
Stassfurt saltomines is a magnesian borate. 

The bporax marshes, the former sole source of the mineral are situ- 
ated in Esmeralda Co., Nev., south of the Ragtown lakes referred to on 
p. 151., and in San Bernardino andodnyo Gounties California. ~ there aro 
four in Nevada, calried Seels, Columbus, FPish Lake and Rhodes. All are 
confined in valleys whose .drainage evaporates instead of running off. 
The surface is sometimes coated with a boracic efflorescence that works 
up by cappilary attraction and after removal it renews the supply in the 
course of three or four years. Ulexite, priceite and tinkal are all met, 
and with them more or less dust, gypsum, halite, soda, sodium sulphate 
etc, Under the surface there is standing water as shown by artesian wells. 
The region contains many volcanic eruptions and probably hot springs 
stimulated by these, supplied the borax to the original lakes. There is 
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an additionadsimaysh at Salt Wells, Churchill Co., Nev. Im inyeu Co. Cal. 
there are thres, the Saline Valley, the Armarsosa, and the Furnace Creck; 
in San Bernamdino Co..there is one, the State Range or Searles. Some 
years ago some borax was obtained at Little Borax Lake, near Clear Lake, 
80 miles north of San Francisco. SBoracic salts are shown by analysis in 
the large lakes, such as Owens (see p.151) and, to a less degree, Mono. 
Large isolated masses of priceite have been dug from the soil at Chetco, 
Curry Co. Oregon, and some notable amounts have been shipped to San Fran- 
cisco. Northern Chil? a@le6 contains deposits of calcium poratess. at wo 
points, Naricunga and Ascutan. They are elevated and remote but consid- 
erable ulexite is shipped to Germany. Smaller amounts are also exported 
from Argentina. The other foreign sources are the deposits of pandermite 
at Sugurlu, Asia Minor, the Tuscan hot springs, which afford sassolite, 
H3;B0., and Thibet, whence small quantities are shipped over the Homalayas 
on the packs of sheer. 

In California and Nevada the Pacific Coast Borax Co. 18 much the 
largest operator. Recent production is shown by the following table from 
the Mineral Industry. 1893. p.76. Amounts are given in pounds. 


California. Nevada. 
1889 Ls 969,650 DyOO0,40n 
L892 11,050,495 ¥, 4675 701 
1893 7,499,562 1,199,438 
California-Nevada. Chemical News-1886. 54. 1891. Feb.15. Analyses 
Chemiker Zeitung Repertorium 1886. 35. Annales des 


Mines, 1865=No.6, Mineral Resources. LS82.p.566. Ka 
O11 Paint and Drue Reporter, Mar. moo. 10, 2o-snals. 
For History of American Borax see H. & M.Journal Sept.20th, ogc: 
DeGroot. On San Bernardino Gol Report of Calat State Mineralogie viel 
E.L.Pleming. Chemical News, Freb.15..169L. 
W.A.Goodyear.Borax in Lake Co. Calif. Rept.of Cal.State ilineralogist 1890 


H. G@.nanks 4 Third Ann.Rept.Cal.State Mineralogist 1883 partII.Good-Rec. 
Hoke. Journal of the Soc.Chem.Industry. 1889. 6854. 

J.E.Kemy . The Mineral Industry 1892. 43. General Reviev. 

W.H.Storms. On the deep mining of Priceite. llth Ann.Rep.Cal.State ifin. 


o46. 1892. 
I Di Whitney. Od B. inc. @eol.of Gal. £96. Betcha 40. Ghee Bea. 


C Ge VALS Mineral Resources 1889-1890 p.494. Rec. 

CHEis ; 

Darapsky. Die Borax industrie in Chit. Chemiker Zeitung. 1387.No.40 
see also 1885. 9.1505 1Se6. 10; 87; 

[talLy . 

BE .Bechi, On the Boracic Acid Compounds of thr Tuscan Lagoons- B. & N 
Ae. OCs Leth, L6o4- Dou <tr. do. “ee Sees 

J .Bowring. The Boracic Acid Lagoons of Tuscany. A.J.5. 1. XXXVIT. 270. 


The Lagoons of Tuscany. A.J.S. II. 9. 451. from the Bull .coe.Geod. de 
France. Dec. 1848. 147. See also W.P. Jarvis and i .Rice in 
3. California Min.Rep. £685. p, 6S a@7o. 
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CRYO Tiss 
This mineral is an important source of sodium compounds and should 
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9& mentioned in this connection. ts composition is $NaP.Al®, , that is “ay 
a aouble fluoride of sodium and aluminium. At only one locality Goes it ae 
occur in commercial quantities. . TRis is ivistuk oo; 416 Mopeseus Foaord., i | 
latitude 61% 13', west coast of Greenland, near the southern-end. It Be 
forms a vast bed or vein 60 feet thick in gneiss and dips st 45° . The an 
present quarry is 600 x 200' and over 100' deep. Siderite. palena,bhandd | 
and a few rarer minerals are the sole admixture. It is shipped tO Phi ae 


adelphia, and thence to the Pennsylvania Salt Co. at Natrona, near Pitts- 
burgh where it is turned into sal-soda, bicarbonate, caustic soda, alum 
and aluminium. AS a rare mineral crvyolite is also known at Miask in the 
Urals and at Pikes Peak Colo. 


G.Hagermann. On some minerals associated with cryolite, in Greenland. 
Amer.Jour.Science ii. XLII/ 93. 
C Hare. On the Cryolite HEED Anal.& Applied Chem. Oct.1892 
cryolite Pamphlet issued by the Penn.salt M't's.Co. Natrona Fa. 1693s. 
.J.Lukens. Cryolite, Where found, Natare uses. The Manufacturer and 
Builder p.80.(Full reference not at hand. 1880-90) 
J.W. Taylor. Cryolite of Hvietok. Quar.Jour.Geol.Soc: XII. 140. 
Katy Led 
When clays or shales contain eg it decomposes and affords sul- 


phuric acid, which in turn reacts on the aluminous silicates present, and 
yields the double sulphates of alumina and some alkaline element, that we 
call alum. These "“alum-shales" are not as yet of commercial ianor rane 
in this country, but abroad have becn leached to obtain the mineral. Our 
Ole commercial sources are at present bauxite and cryolite and the treat 
ment involves the formatiom and solution of aluminum sulphate with sul- 
phuric acid, after which an alkaline sulphate is added and the resulting 
double sulphate is crystallized out. Deposits of native alum have been 
reported at a great many localities, especially in the west but no one 
has ever been commercially operated. As an interesting mineral, natural 
alum is very common at the points where sulphurous springs emerge from 
Shales, and the frequent association of shales or clays with pyrite in 
nature could not but lead to its frequent formation. Hor lists, of £0- 
calities, see 
Mineral Resources. 1883-84. 949. 1886. 681. and the 
Maneral Industry 1893. 6. 


VP DLaRS Ritnozen and Bauxite of New Mexico, M.#.Oct. 18234. 
CHAPTER~VIT. S0IbS, SERTELIZERS, and MINERAL PAINT 


All soils are produced by the decomposition of rocks, sedimentary, 
metamorphic or igneous, but the first two must ultimately be referred to 
the last, unless, 4S in the cases Gf ca Marcus rocks and a few siliceous 

(156) 





infusorians, their substance has been abstracted from the ocean, where it 
may have been in solution since the condensation of the water. The meta- 
morphic rocks are either alterred igneous or altered sedimentary vari- 
eties, so that we are logically led back to the igneous for the original 
material, and are forced to find in their minerals the sources of all the 
others. These minerals are comparatively few when only the essential 
ones are considered. Quartz, the feldspars, the micas, the amphiboles, 
the pyroxenes, Olivine, Lencite, nepheline and magnetite make up the list 
These decay under atmospheric agents and pass into hydrated silicates, 
carbonates and hydrous oxides, all but quartz which is practically inert 
and only breaks up mechanically. It thus forms the major portion of the 
fragmental rocks. Add to these products the limestones, including dolo- 
mites and the principal rocks producing soils are before us. There are 
ereat differences in them and hence resulting soils differ. Pure quartz 
sand has little fertility and needs calcareous and aluminous additions. 
fairly pure aluminous silicates like clay are so tough and cold that they 
need sands and calcareous materials. Further, chemical elements which 
are taken by plants and removed in the harvesting have to be restored in 
order to keep land in good condition. Such elements are cniefly nitrogen 
phorphorus and potash and one of the great services of modern chemistry 
has been the light it has thrown on these points. We know that growing 
buds and young shoots in the spring contain phosphorus and nitrogen in 
comparatively large amount but later these elements disappear from the 
leaves and collect in the seed and, are harvested. Other mineral matter 
gives stiffness to stalks and remains in the ash after calcination. Thus 
wood ashes afford potash or lye and are valuable fertilizers. 

At the same time some decaying organic matter is also necessary for 
the best results of plant prowth, for its organic acids aid in an imporre 
ant way in making mineral matters soluble. And it is also to be born in 
mind that the physical. nature of the soil as a retainer Cf meaisture oF a 
Guick drainer.is. a,facvor not te-be overlooked, but it 45 the aim ave Tais 
point to emphasize the mineral matterS so as to bring out the part played 
by mineral Lertalizers . 

It has been the aim of modern agricultural chemistry to supply to 
the soil, either the necessary ingredients which were originally lacking, 
or those that have been exhausted by plant srowth. As an illustration of 
the former the addition.of lime breaks up the toughness and intractabil- 

ity of clays, and ten percent will sometimes change their character. 
The same is true of soils from many shales and samdstones so that their 
seams of limestone, such as occur in the coal measures of Pennsylvania, 


have considerable agricultural importance. Gypsum answers a similar pur- 
pose. In the second case the plantsremove mineral salts and these have 
to be artificially returned. Tobacco, for instance, with its excessive 


amount of ash, is an exhausting crop for potash and soon destroys the 
land unless fertilizers replace the missing elements. The so-called "old 
fields" of Virginia, exhausted by earlier methods of tobacco culture are 
familiar examples or tnduced barrenness. 

In connection with soils attention should also be directed to their 
relations to the underlying rock. In that portion of the country south 
of the terminal moraine, the superficial deposits are chiefly made up of 
the alteration vroducts of the underlying rock, The soils are indigenous 
and the float material give a clew to the geology of the solid strata. 
The varyine character of these ‘ey determines the diversity of 
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soils. thus the Siluro-Cambrian limestones have made the Great Valley 
the garden of the eastern states, but the Devonian and Carboniferous 
sandstones and shales, to the west of it are far inferior in fertility. 
In indigenous soils we distinguish three layers, bed rock, subsoil ard 
veritable moutid.. The second consists largely of fragments of the Tirst; 
the third of small comminuted derivitives of the second together with de- 
caying vegitation. Above the line of the terminal moraine we have to 
consider not alone the detomposedckountry rock, but also sands, clays and 
gravels that may have had their home in localities far to the north. Un- 
der these superficial materials the bed rock is smooth and clean as it 
was seraped by the 1¢e. Sueh deposits of foréien origin afford trans= 
ported soils. Wind-=-blown sands and dirt are important in many regions, 
and volcanic. ashes or Lappilli may spread to great distances. 

These brief introductory remarks are intended to lead up to the fol- 
LOWiLNeS tOpies .Of "Fertilizers" . Lhe search for mineral fertilizers has 
developed some important industries, to wnich as a form of natural re- 
sources of NO MLINOF Mapnitude attention Wilil-mext be given. 

Books on agriculture, or agricultural chemistry and the reports of 
the recently established experiment stations make up a fairly prolific 
literature. The following two citations afford 00d general accounts. 
N.H.Shaler. The Origin and Nature of Soils. Twelfth Annual Report Dir. 

U. ea GSClse Survey. 
5.G.Williams.Applied Geology. Chapter VI. L101. Gives bibliography. 


GiPSUL GREENSANDS. The use of gypsum in this connection has been 
referred to on pp. 136-159 where the Literature is cited. Pne employers: 
of Cretaceous gpradnsands and marls in New Jersey is also important. Their 
general geological relations were outlined in speaking of the underlying 
clays p.126. The marls are later Cretaceous and cover a large area in 
South Central New Jersey. Thev afford a valuable material and are also 
prolific in fossils. The name greensand has been given on account of 
the presence of glauconite, a green hydrated Silicate of iron and potas- 
Sium. Greensands also contain some phosphoric acid and a large amount of 
shell remains. It has been shown, especially by the naturalists of the 
Challenger expedition that greensand forms on the sea bottom at no great 
distance from the coast and in those places where foraminiferal remains 
exist together with feldspathic sediments from off shore drainage. The 
foraminifera become filled with silt and reactions probably from the . 
presence of sulphur and iron, result,which lead to the formation of the 
glauconite, the potash being derived from neighboring feldspar. Green- 
sands are known of all geological ages, and to them have been even refer- 
ed the great iron ore deposits of the Mesabi range, but they are only dug 
for fertilizers in New Jersey. 

J.W.Bailey. On the Origin of Greensand and its Formation in the Ocean of 


TATA Mm Tt? a 
ROR PE LIBZw RS : 


TAS present: epoch. a.) eo Llu 22. 2eC=zee, Proc.Boston 
boc... Nat. Hist... Waco See. 
We Bie CLaae - Orisin and Classification of the Greensands of New Jersey. 


Jour.of Geol. II. 161. 1894. Rec. Preliminary Report on the 
Cretaceous and Tertiary Formations of New Jersey. Report of 


Dvate GEOL. TOP io92. Lee. Both these papers give valuable 
DiLbLIGEeraph* .. 
wit. COOk. Geology of New Jersey. L666. 94.261. 
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SPHATRS . Phosphateg of calcium in one fo 
basis commercial phosphates. It is obtained as ¢ erystalline miner— 
al apatite which contains also calcium chloride or fluoride; as nodules 
and concretionary or massive forms Which seem often to have replaced 
limestoné Which also contain fluorine; and as the more or 1sss recent ex- 
crements of birds in the form of suano. Fossil... exerements or coprolites 
are @keo of value abroad. The crude material is subjected to some pre- 
paratory treatment to make the phosphates soluble in water, and in this 
sulphuri¢eé acid is SO important an agent tnat tie vitriol imdustry is 
inked with that of the phosphates. Cer ain standards of rich- 

establisned in the different productive gions which must be 

to make the ude rock soluble. at be is usually stated 
Of the badis of tris ane calcic phosphatef, aE, also called bone 

S 

i 


O 
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Yr Or aNnOEHSr is the 
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0 
- which P, Os forms §§.86)%. Hence where P,O. is expressed 
by analysis, the g9 gD BE pe onding tribasic phosphate is in round numbers a 
Litthe 1ésS than. & Fimo s its amount. No crude rock under 50 y- tribas- 
ic phosphate is Mshenrmeeb Le Canadian apatite has been usually shipped 
at 80 % of this compound. At the same time certain other insredients 
should be as Low as possible. oe ee. Hateriais of which Silica is 
chief should be washed out and reduc in amount, for they are simply 
inert. Alumina and ferric oxide are sabéc Brande because after the for- 
mation of the TertvibLizer itself they tend to0 ehense 4 portion Of tne 
phosphoric acid to an insoluble form, or to "Pevert” ivy “as 26 is cadica. 
Calcic carbonate is bad because it neutralizes to no purpose the vitriol 
used in the manufacture. vrude rock and fertilizers in bulk are now sold 
on the basis of analysis, so that other deleterious ingredients being 
sufficiently Low,so much per anit Of P, Uses paid. VOouth Carolina and 
Florida phosphates have ranged from $3 "50 to &5. per ton in the last few 
years at the mines, which is not over half the price that prevailed a few 
VEare Carlier , 
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Phosphate of Lime. E.& Medour.dune 8 167. B.b25, 

W.H.Adams. List of Commercial Phosphates. WM.&.Oct.1889. 

L ott pCO Tard . Phosphate Chemistry as it concerns the Mines.iHi.E.Feb1l89e2 

W.B.M.Davidsom. Notes on the Geological Origin of Phosphates of Lime in 
the United States and Canada. Wh git ee 

C.C.Hoyer Millar.Phosphates. Relates to Canada,S.C.& Fla.-Sci.Pub.Co.N.Y. 

CG sa ilemminger . General Article Mineral Pe aaeew, s0%. B31 

hiineral Statistics of the United “States. ALE the Volumes. 

Bad! of Gre no The Nature and Origin of aia of Phosphates of Lime. 
Contains @ Tuli Bibliography H.129 BULL, 46.U.5.G.8. ROG. 

W.&,PRELT ips. A list of Minerals containing at least 1 % Phosphoric 
AGB Mb. heb. LE. 

J .otewart. Laurentian low-csrade Phosphate Ores Moe. Feb. Lege 

EF eWyatt Phosphates of America. WN. ¥. 1891. Rec. 
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APAT IT. Workabis Yieposits of apatite are practically limited to 
the Archaean recks, and to the older formations among these. 2n this 
side of the ocean they occur in the Laurentian heights of Ontario and 
Quebec. They occupy a section which includes the counties of Leeds, 
Lanark, Frontenac, Addington and Renfrew in Ontario, just north of King- 
ston and west of the Ottawa River, and which extends across the river in.- 
to Ottawa Co. Quebec. The apatite is prevailing green and red and irree- 
ular although individual crystals of great size and perfection also occur 
especially in crystalline calcitéy &t is generally associated with pyr- 
oxene rock, called by Hunt pyroxsénite, but which Harrington has shown to 
be quits variable and to contain considerable quartz and orthoclasé as 
well. Adams and Lawson have likewise identified scapolite-bearing amph- 
ibolites and diorites in a few localities and have thus recognized in 
Canada, rocks Which are related to the characteristic associate of apa- 
tite in Norway, where these scapolite rocks are called "Geflecter Gabbro? 
and "“Apatitbringer”. Feldspathic rock and erystalline Galcitée also occur 
in close connection With the apatite of Canada. The apatite is found in 
veins or what may be described as veins, that are often irregular and 
pockety but that in several instances run several miles across the coun- 
try. The commonest gangue minerals are pyroxene and calcite. Hornblende 
titanite, Mica, Zircon and others are met often in crystals of extracor= 
dinary size and perfection. The -aptite is mixed in with the gangue in 
more or less intimate relations. It was cobbed out to a high grade pro~+ 
duct, 60 4 tribasiec calcic pnhosphate, and in this purity was chivpeo 
abroad while the industry flourished. Great quantitiss of low grade rock 
were cast aside, and no method of preparation has yet been devised for 
utilizing it although the problem is an inviting one. The specific srav- 
ities of all the minerals in the mixture are so close that wet mechanical 
separation is impracticable. But in recent years the development of the 
Florida phosphates has ruined the industry and the mines are no longer 
Operated. | 

the origin of thése bodies is very opscure. 7.5.Hunt resarded them 
as veins, analogous to vein granites or pegmatites. He opposed the idea 
that they were necessarily connected with organic life and his attitude 
was abundantly justified, for even in igneous rocks of all ages, apatite 
as a Microscopie accessory 18 tee Most Wide—spread of @li the Tock Makin 
minerals except perhaps magnetite. Those geologists who are predisposed 
to find in the Laurentian the traces of life, have cited apatites as one 
of the strong forms of evidence. Sir J. William Dawson is the most prom- 
inent upholder of these views, but the thes is a ditfiecult one and the 
geological occurrence and associations sive but slight encouragement. In 
Norway the similar apatite enrichments have been viewed as segregations 
from an igneous mapma, and connected thus with intrusions of basic plu- 
tonie rock. Such was the view of Brogger and Reusch cited below, and the 
same has received support more recently from J. H. L. Vogt. 
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NeW YOR. 18 1636 Bir KE. Hmmons, while engaged in the early work 
New York State Survey, discovered a variety of apatite near Crown 
that: he called eupyrchroite from its phosvhorescence. Some un-— 


Gti 
D 


t 
b 
G 5 


es 
et 


ESTE 


sfud attempts were made to mine it. It is in a crushed zone along 

t that vs chiefly Tidled With chloritic decomposition products of 
In the same region the magnetites that are excessively rich in 

and that are called "red ores" were also early mined ae sub- 

LO Magnetic treatment Tor the apatite, but all the operations 

Lt Dine LAeOLPon mings. 

NOMS attention has been directed to low erade marnetite rich in 
phosphorus, in connection With masnetac concentration. Whe by=croducts 
of the separators are unfortunately so rich in hornblende, pyroxene and 
Quartz as tO be Of small vValuc ime THIS cOmmection. There 38 Siient peo- 
mise of success. 
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Wok -Blake. Contribution to the eariy History of the Industry of pose 
phate of Lime in the United States. lsh. Peo. 1622. 
K.fmmons. On bupyrenroite=- 2nd Ann ner. N.Y .6urv 2. Loo. 


Hinal. Report on 2nd District 1542: 256. $66 also ceck"™s 
Report on Mineralogy of N.Y. 1842-240 and J..Kemp Rep.of 
Ne Yuostate Gool, 1596, 452. 

Col Jackson. On EUDYVrCHrOLte. of Crow Point. Ne¥e= Bad .oelioeee fo. 
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also NY .Rept. On Mineralosy 0.240. 
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Description and analysis of Phosphorite from Crown Point, 
Nw. Proc. BOs .oOe@..NGtcHie. Vol, Tit pe 47 e266 seer asc pe 264 


or NON-CRYSTALLICIH PHOSPHATSS. These are produced in the 
S in largest amount alone the sea-coast of South Carolina and 
rn shores or at no great distance inland in Florida. Minor 
known in North Carolina, Georeia, Alabama and Tennesséeer ine 
phosphates have been worked since 1867, but those of Flor- 
of much more recent development. Ihe Tennessee discoverics are 
more recent. In addition there are guano and phosphate rock depos- 
on several of the West Indies and om the istands Of thei Pact ic. 
OUTH CAROLINA. The phosphates are distributed over an area about 
long, and extending pack 20 miles from the coast. Some mines 
the ocean while in other places the phosphatic Stratum 15 aicar 
at a considerable distance inland. Beautort on the Souunvess 
ton On the northeast, mark the Limits in a Senerai way: The 
the surface being seldom mors than 10-15 feet above tide, 
by a network of estuaries and rivers characteristic Of Unis 
strata underlying the phosphates are Hocene, Tertiary and 
chassified by Tuomey which grouping is accepted by ¥.8.Clark 
i, Buhrstone 2. Santec Beds, 3. Ashley and Cooper Beds, 
28. Bin Sie Sse They are all sands, ¢leys;, maris; sheik 
bUhFSTONS 15 olf that gives a name to the lowest stratum, 
t. Many Tossi is such as vertreorac, teeth 6tce., are 
them, The AsShiéy Beds are the highest of the series 
an intervening bed of sand and clay, of no ereat 
the phospnate deposit itself. This has been usually 
and has bean thought to have been formed by the wash of 
. beds, ,recent determinations by Dall,lead to the conclusion 
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that it is Upper Miocene (Amer.Jour.Sci.0ct,1894.p.501). The bed in- 
cludes many fossil teeth, bones etc., phospRatie nodules and concretions 
buried in sand and clay. The bed varies from a few inches to two and a 
half feet, with a general average under one foot. About a dozen differ~ 
ent varieties of nodulés are regoenized. the Variations being due to col- 
or, luster, hardness and the nature of the foreign materials such as 
Shells, sand etc., cemented by the phosphate. The yield per acre varies 
from 400 to 1200 tons. On the land the bed is dug by systematic trench- 
ing and the nodules are then washed thoroughly and calcined. SBieht or 
nine feet of stripping are about the maximum of profitable working, Ine 
nodules are also dredged from the river bottoms by large dredging mach- 
ines of various kinds. The industry has suffered in.recent years from 
the competition of the Florida phosphates and the works experienced great 
damage from the hurricane and floods of August 1893. Nevertheless the 
production in 1L6GS, of 602,564 tons Wea in excess of thay of Pilorida by 
over 60,000 tons. Prices have fallen alse to such a point that preorits 
are much Lower than in former years. 

The origin of these deposits has beén a puzzling problem. There 
seams tc be little doubt that the phosphoric acid was derived from excre 
ments and decaying animal matter deposited along a shore line.It may thei 
have replaced carbonate of lime in nodules of marl or limestone,or forme: 
concretions of Lime phosphate, or in imstancss, as urged by No. vw aaLer, 
have collected in the bottoms of swamps. However originating, they were 
afterwards concentrated into the bed and river hot none where now met. 

The North Carolina bedS are of much less importance and supply less 
than YOCC tons yearly. They are-in part Like those of South Carolina, bu: 
near Castle Hayne where the chief mining is done, they form conglomerate 
nearly six feet thick, of roélied nodules, bones and other pepoles. 
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BLON IDA The development of phosphates in Florida began in 1888 


and 1889, and has since grown tO such proportions that. the state beging 
to rival eouth Carolina, The productive ¢gerritory lies alone the western 
side of ~~ peninsttla, ina general belt from 20 £6 60 mikes from the 


Gulf of sleXico, and from the Caloosahatchts River on the Sowen tothe 
Appalachicola On the Aorth west. Qther déposits in the nature of river 
sravels are met near tne mouths of tne Alafia,. the Manatee and the Peace 
rivers Hlorida is a low gseanticline, that heaves up Eocene porous and 
friable limestones in the seve part of the peninsula, and has firmer 
Miocene veds of Limestone on the western and southwestern flanks, and 
Pliocene clays, sands and tender limestones on the southern half. Recent 
sands are met on the surface of the uplands and in the beds of streams. 
The phosphates aré divided, according to Bidrides, to whose paper 
the following notes are chiefly due, into "hard-rock" phos- 


eited below 
phate, "scft" phosphate, "lLand-pebble” or"matrix-rock"” and “river=pebble”. 
Hard-rock phosphate aprears with both Hocens and Miocene limestones from 
which there is good reason for thinkins it has been derived. It is a 
aenss, firm, rock with occasional cavities, which are lined with a sec- 
ondary incrustation of phosphate and Which suscest the shape oe fossils. 
the cavitiss may also contain still later phosphatic sediments. The 
rock-phosphate has also suffered by brecciation and by ey Pee £0 
A powdery material in the process of alteration It now is mined: as 
laree bovlders and frasments, buried up in finer sands a@nd eilays at mod= 
erate distances below tne surface. : The hard-rock phosrhate is the rich- 
est of the varieties minéd and yields an avérase according to hldridge, 
of not far from 56.65 FeQeor about 60 a tribasic phosphate C.G.Memmin- 
eer in the Mineral Industry 1896, p.552, S14 VeES as The averare of several 
cargoes-Thosphate of lime, 60,02, oxides of iron and alumina, 2.264. ihe 
nard-rock. phosphates are obtained in the interior districts and are ex- 
ploited Ly open cuts and stripping. The term soft-pnosphate is applied 
to the Lcose phosphatic sands, clays e6tc.,; that occur with ghe hard-rock 
varieties. Soft phosphates are used on a small scale directly on the 
Land Wit 


: Ee) 


trout previous prev Seas anc Mermineer states that tney are vaq- 
riable in composition, With o2=70 % phosphate of Lime - and an. averacs oF 


64. The oxides of iron and alumina are also variable, ranging from 2 to 


The land pebble phosphate is chiefly mined near Sartow, east of 


Tampa. The nodulés are mostly white _ ecolor, and vary from am inen oF 
two in diameter down to minute size. They are distributed through a bed 
of clayey material, from 6-20 feet thick, with an average of 1 feet, and 
an under Stirippine of Trom 6°10 “Lo ee The phosphats forms 15-50 % fe Of 
the bed as mined, with an average of 25 %, which means from 707-1000 lbs. 
clean, dry phosphate per cubic yard or about 6000 fons. per @ere. 1 
ranges ‘from 65-70 % tribasic phosphate, 2-4 % iron oxides and alumina, 
careful washing being necessary in order to keep the last named low. 
(These fisures are from Memminger as cited below.) The pebbles are 
mined both by various methods of digsing and by hydraulicking, and much — 
cars nas beéen ie dd ke in developing economical and effective methods of 
washing. The river pebble prosphate is found under present streams, 
6SpPeEcrally +c P 


che cence: ree, and in former channels near the present riv- 
PB 


. > tes Pe a Spe ee & rm | : 
ers, Which may now be swamps and covered with timper. They are mined or 
Wee “7 . - o~ 7 ay Bud ba) rT ¢ y a 7 | 7 j a sia = 

dredged with centrifugal pumps, ars washed, dried, and shipped. tne 
dre dees work up from the rivers into the land after the timber has been 
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tons, Sort Rock, 13,675, beamed Pebble, 86,6 iv ble, 122,820-mal 
ing a total of 438,804 of a value $1,979,956. The figures given by the 
Mineral Industry vary somewhat from these. 
fhe origin of these deposits is not always Well understood. 2D Ge AG 
Ss most easonable tO bos lieve that while the peninsula stood ne: he sea 
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cumulatedin the shallows and led to the formation of crusts of ca 
phosphate on the ce ae or Limestone. ..lm part 24 may Rave replaced 
limestone but it seems also to have formed independent aruate., the 
mechanical aprasion and redeposition or the concentration of these as 
residual deposits has given risé to the pebbles 
By so» Os Floridite,; a new wariety of Phosphate of time. AA -4.S:; 
1890 DEO. 
NH. Darton Notes on the Geology of the Florida Phosphate Deposits. 
Agd wo Hep eee ¢ «1S Rec. 
W.B Davidson On Fiorida Phosphates, &. @ HM. Uour. Vobk.blhy websg, 672 
1891 and L OD. 623 
GH Bleridge. Preliminary @kecehm 6f the Pupspnstes of flerida. Vi. oo 
196 
A.R.Ledens. Th nosphate Beds of Hilorida,. E. & M. Jour... teb.6-1890 
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ATAB ALS en yn Sener has been felt in the discovery of phos- 
phate weposits in Alabama, but while marls and even some nodules have 
coeen met the Latver ere m0t as vet known 1m SULTIcCieént Guveantet, £6 Setan- 
lish a@ Mining industry. The marls are TPocally productive of very fertile 
soils 
B.A. om th. Phosphates and Marls of Alabama. Bull.2. Ala.Geol.Sur.1692 

Phosphates in Perry Co. Alea, Acd,be Juhe 1664. 492. 

TENNHSSEHE in several counties of southern central Tennessee, work- 
able beds of phosphates have recently been discovered, that bid fair to 
be the basis of a local industry In Hickman, Lewis; Williamson and He: 
ther neighboring ones, soutnwest of Nashville, a black, beddsd phosphate 4 
rock occurs, immediately benéath &@ thin, black. Devonian shalis,. and restq ie. 
ing on limestone of Trenton, Niagara or Helderberse Age, according to the ‘> 
locality. Though rarely thick enough to mine, yet it oecasionally u 
reaches 5 feet or over, end afrfor 60-70 % tribasic phosphate In these 








cases it will probably prove a valuable material for Local fertilizer 
manufacturies. The age of the phosphate rock is Devonian. Above the 
black Devonian shale (called also the Chattanooga shale) lies a blue sub- 
carboniferous shale, named the Harpeth. in the lower part of the latter 
is a layer of phosphate nodules, of low srads,, and of smali- promise at 
present. More recently than the above discoveries there have been found 
in Perry Co., just west of Hickman, beds Of White phosphate, hich an sil- 
ica, and. bettecn 25 and 55 % Le Lpasye boos pne (o interstratified and 
mixed with Carboniferous chert. The phosphate appears to have replaced 
limestone. Alone the slopes of the cliffs near the creeks, ang eat about 
the horizon of the Chattanooga shale, a surface deposit is also met which 
consists of a chert- breccia oe by pnosphate. The crude breccia 
yields about 40 7, lime phosphate, but when cleaned of the chert, the an- 
alysis shows over o0 7%. Its utilization seems feasible. It has been 
formed. on the surface by the leaching of the neilehborins pa lospaatic 
strata. 
C.W.Hayes. The White Phosphates of Tennessee. Sh i, March LG2s.. 
Ii.C Meadows & Tytle Brown. Phosphates of Tenn. M.2.O0ct.1894. i3.& M.Jour. 
Ost .20ch. P6944... S65. 
W.8,.Phillips. Phosphate, Rock of Tenn, EH. & H. Jour, Way 8.2694. 417, 
Mineral Industry, L694, 537. 
Jt .satford. Phosphate Beds of Tenn. EB. & M. Jour. FPebp.24.i16394. 0.566~ 
Phosphatic nodules are occasionally met at other seological horizons 
and elsewhers in America, althoush none have attracted serious attention 
for economic purposes. W.D.Mathew has described some interesting ones 
from the Cambrian of New Brunswick and gives a good review of methods of 


origin. (On phosphate Nodules from the Cambrian of Southern New Bruns- 
Wick, Trang. N, %.. Acad. Soi. 411. 208. ge75,) 
GUANO. Superficial deposits of excrementa, chiefly of waterfowl 


are called guano. Perrose divides them into two classes- 1. Soluble, 
<. Leached. Under the first head are to be placed those aécumulations of 
recent time and in regiens of such scanty rainfall that their soluble 
salts, such aS ammoniacal and other alkaline compounds, have never: been 
lost. They are or wers especially abundant along the west coast of South 
America, in Peru and on the neighboring islands. Much nitrogen was also 
present, and through the excrements were bones and dead Bodiae OF wares 
birds and marine mammals . The beds have been chiefly exhausted as they 
were limited and as: mining has been in operation for over fifty years. 
An analysis, quoted by Penrose (Bull..46 U.S.G.5. ~. 221) from The Caltiv= 
ator 1644. 1S as» follows: 

Vater and Volatile Ammonia- - = -~-=-.=-+--- - = 15.67 


Organic Matter and Ammonical Salts= - = - = =- = 62.44 
Chloride and Sulphate of Soda - =- == =-s += = 230 
In soluble Siliceous Matter - - ----- --+=+ Q.57 
Phosphate of lime and phosphate of Magnesia - =- 2l1l.il 
Carbonates of Lame and tleaenesia - = = = == == 6811 
106. | 
The leached guano is obtained on a number of the islands of the West 
Indies and presents some anomalies of composition. Where the island is 


formed of limestone a@ calcic phosphate is met. This may be in Loose ma- 

terial, with occasional nodules or may Form @ hard crust woon the Lane= 

stone below, from which it is blasted. Penrose cites Sombrero, Navassa, 

Turk, St. Martin, Aruba, Curacoa, Orchillas, Arenas, Roncador, Swan and 

Cat or Guanahani Isiands, the Pedro “he Morant Keys and the reefs of 
(166 





marie > ic 
aos spp. 





owe 


Paraca. bo. 


Los Monecs and Aves in the de These extend almost en- 
tirely around the Caribbean Sea. The island of Redonda, am tne sastern 
sroup of the West-=Indies, vields a phosphate of alumineg and iron. known 
as redondite. It @CCUrs aS a2 cementing material in and around masesce oF 
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MINERAL PALS Ee 


On Mineral Paints in general, consult the volumes of the Mineral Re- 


sources,The Mineral Industry, and the Engineering & Mining Journal, Jan. 
is, LO e 

Ilineral paints may be divided into two classes, those produced from 
metallic minerals or ores and those from non-metallic or earthy minerals 
The former are chiefly the ores of iron, limonite (called also brown 
hematite and bog ore) réd hematite, and the mixtures of limonite and clay 
known as ochres, but in which the ore gives the color. With these are 
also classified puddle cinder, white lead, red lead and zinc white. The 
non-metallic paints include barite, slate refusé, soapstone, szraphite, 
UuLtYra marine. eitc. 

Lilt ONITE AND OCHRE. The long succession of Siluro-Cambrian limo- 
nites on the New York and New England border and southward in the great 
valley has afforded suitable material for paint in a number of localitie: 


Works were early established at Brandon, Vt. and still remain in somewha’ 
desultory operation. The ore is dug and dried in small sheds much as are 
bricks, and-is then ground. It affords in the crude state yellow or yel- 
lowish brown colors, but when roasted gives various shades of red and 
darker brown. Small developments have also been made near Hoosic Falls, 
N.Y. All these limonites are mixed with more or less ochreous clay that 
eoes to waste when the ore is mined for iron. The locality most produc- 
tive of paint from what may be called an iron ore is in the southern part 
of Carbon Co.Pa. A bed of a bluish rock that affords On ‘analysis 29-35 % 
metallic iron and Varying amcunts of Ssilica,;alumina, Lime and Naenesia is 
found just over the Oriskany sandstone. The iron is probably present as 
a carbonate. ERe ore or rock 2s hand-picked to rid 2 Or Slate and is 
then roasted and ground. It affords a rich,dark reddish-brown pigment. 
C.H.Hesse. The Paint Ore Mines at Lehieh Gap Pa: M.B. Oct. 16390. 
P hace. Report on the iletallic Paint Ores along the Lehi.th River. 
Annual Report Penn.Geol.Surv.1866.Part IV.p.1386-1408. 

OCHRE. is a name distinctively applied to soft clay-like or powdery 
material not possessing that solidity of Limonite proper, but being es-— 
sentially a very impure iron.ore. This occurs in many places and is of 
itself a valuable product in Pennsylvania,Georgia,Virsinia & faryland.The 
deposit at Bermuda Hundred,Va. affords an excellent grade and numerous 
others occur with the Siluro-Cambrian limonites referred to above. A 
large deposit of high grade has been reported by Dr.E.S.F.Arnold,of the 
N.Y. Acad.Sei., 0m the St. John’s River, Pla: (Trans <111.22) out 18 mo, yer 
developed. Largs amounts are also imported, especially from France, Italy 
and England. The tests of a good ochre are depth and strength of color 
afforded by the paint and the amount of oil required in gsrinding;the less 
oil,the more valuable the ochre, other.things being equal.The oil is the 
most expensive ingredient. Umber is essentially an ochre of a brown color 
containing oxide of manganese,that gives it its peculiar tint. Ths best 
erades, and in fact nearly all the supply comes from Italy. Sienna is 
inother variety of this ferrugineous.clay, with a different color. 

RED HEMATITS. Within the last few years red hematite iron ore has 
been growing in favor as a pigment, and is now sround in large quantities 
in various parts of the country. The chief source of the mineral is che 
Clinton ore, or aS it called in d@ifferent sections, Fossil ore, syestcme 
ore, Oolitic ore, flaxseed ore, etc. This forms a series of beds in 
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shales of the Clinton stage of the Upper Silurian, and Ys a re7Arkeabiy 
extended and persistent iron ore deposit. It OuteropSs in Wisconsin, Onic 
New York and down the Appalachians to Alabama. It is utilized for paint 
at Clinton, N. Y. where ten to twenty tons are sround daily, and is em- 
ployed in the same way in the South. 

SLAG. Puddle slag and heating cinder have been recently utilized at 
Boonton, N. J. Por paint. They afford What is practicaliy an tron ore of 
about 50 % iron, and if convenient shape for utilization. 

Axel Sahlin. The utilization of Puddle-and Reheating-Slags for Paint- 


stock. MW, Bb, FE. S65. 

BARITE. Barite (barytes), or heavy spar, is the natural suipnare 
of barium. It is a dense white mineral easily scratched with a knife ard 
of extraordinarily Bileh SpeCl fic Sravity, aco. Barite- as a frequent 
gangue in mineral veins and is especially Found in connection with galena 
and Zine biende. It also occurs alone as & vein=-filiine and in pockets 
in many limestone districts, so that tnese two forms of deposits are its 
chief commercial source. It reaches tne market from two princivdal dis- 
tYLees, the Lareost cee in southwest Vireinia and North Carolina, the 
Other in eastern Missouri. Omaller amounts come also from Tilinois. The 


mining is in eatsaet somewhat ifresular and iS carried on in Missouri, by 


farmers in off-times. The mineral is there known as "tiff" In earlier 
years a vein near Hopewell, N. J. was productive. (N.J.Geol.Surv.186c. 
0.225). Thersame is truc of A vein In rigssic Sandstone (at Chesnire. ce. 
nae had coffer minerals with it and afforded wonderful barite crystals. 
Workable deneae ts have bean announced from Mexico. (8. @ Ml Journal Sens. 
27th, 1890. p. 357). Barytes of the best grade should be free from im- 
PULL TIES, especially quartz and iron stains. The former injures tae 
milis in grinding, aS it is SCO much harder than the heavy spar, wollte ene 
latter injures the color of the paint. In preparation the barytes is 


crushed to the size of buckshot and then boiled in sulphuric acid t0 re- 
move the iron rust. It is then boiled in distilled water to remove the 
acid and iron salts; dried and ground. -IS is méxt served Uy" floavine in 


water", as it is called: The: coarser portion settles Quickly while Ene 
finest which gives the best grade of pioment remains Lonesest in suspen= 
sion. It is’ finally dried by steam, barreled and Shipped. The principal 
use is as a plement, Its great speciiic evavity enables Lt $0 remain, In 
suspension and through mixture when ground with white lead. As barytes 


iS WOrth DFrom.d.- Goce pss cents a pound and the value of white lead is 


6 to 7 cents, Pt ieca temptine adultverant. [0 Gan Vardiy pe sale vo 7 
jure the pisment, the objection being that the purchaser pays for one 
thing and eets another. For somé purposes it has its own decided advan- 
tages as a paint, in that sulphurous gases do not discolor it. Consider- 
able amounts Bars imported from Germany. Crude barytes is worth apout 


$5. per ton spot value. 


SLATE. Within the last few years the refuse of slate quarries has 
besn ground as paint, and evan poor srades havea been somewhat utilized 
for the same purpose. A-duerry at Graiton; near Troy, Nzy., produces a 
considerable quantity It makes @ useful "Tilisr”’ or firse coat for 
other colors. Some thousands of tons are annually manufactured. sSoap- 
stone has besn used in the same way. 

GRAPHITE. Graphite has been finding some application as a pigment 
in recent years, and it is one of the most important uses to which this 
valuable substance can be put. It oe With O11 and is specially 

LLG? 





employed for metallic surfaces. For thic PUL POSS Lnterior pies can be 
utilized which would be poorly adapted to lubricating or the manufacture 
OF DPenerls, ete. 


CHAPTER Viti. LISCHELLANEOUS [IITERAL Viz, = 
ABRASIVES, ASBESTUS, CARBONIC ACTD, “PLUORITE, Gn0es LIATERIALS, 


LITHOGRAPHIC LIMESTONE, PRECIOUS STONES, TALG. 


ABRASIVES are employed in the form of Loose PYits, Of artifigiaily 


consolidated grains, and as natural rock. The essential feature of them 
ail is the presence of some mineral in anfsular erains, of size — 
to the srade of abrasion required. The mineral for most purposes should 
possess considerable nardness, quartz of the grade 7 being suomi: as Low 
as it 18 deSirable to g0,- but for fine polishing and finishing Sspeclaliy 
of soft metallic surfaces, powders of hardness much below this find an 


1 
extended field of usefulness. In the harder minerals, the absence of 
cleavare is desirable, so that the srains during wear, will crack in 
jagged fragments with sharp edges, and will not crush to a powder too 
readily. 

SOLDT ABRASIVE POWDERS. For this purpose diatomaceous or infusorial 
earth, tripoli,pumics dust,fine red hematite dust or jewellers rouge, and 
Various artificial products such as Zine white, putty powdéer,et¢.,find 3p- 
plications. Extensive deposits of infusorial earth occur in the Lertiary 
Strata alongs the Atlantic seaboard in ‘Mar-vland and Virginie. The famous 
ped near Richmond has been eee, known and has been ut -ilized to a consid- 


eraple extent and other diggings have been pee On Chesapeake Bay, at 
Dunkirk, and Popes Millis See Ove are wie ama Walch of recent years have 


furnished our chief supplies. A domsideraci. 4 - dug in former years at 
Drakesville, N.J. but was mostly employed as a dope for dynamite. Other 
deposits are known in Connecticut, which have been utilized; at Sing Sine 
N.¥., Only of Scientific interest, and in’ not 42 few Makes Gn the western 
the Adirondacks. In Storey Co. Nevada, near Virginia City, a va- 
en mined for the so-called "electro-silicon", and in New Mex- 
n 


riepzy 2s pe 
ico, California and Oregon vast beds have been reported especrai iy by 
J.S.Diller. Some special Speen interest attaches to the diatoms of 


post-glacial and preglacial lakes in the limits of the Drift. 


MW. Conge ll, Diatomaceous Sands of Richmond, Virginia. DS UPL 4 ncou 
Cad. Ox . On Recently Discovered Deposits of Diatomaceous Harth in the 


Adirondacks. trans: N.Y. Acads Oc. TL. sees (eR Ll ieee. 
Mineral Industry. 1892. 
Mineral Resources. All the volumes. 
B.W.Thomas. Diatomaceae of Minnesota Interglacial Peat, 20th Annual Re- 
port Minn. Géeol. Survey, 290. 
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S a naine sometimes applied to diatomaceous earth, but also 
ry siliceous residues or "rotten stone" that are left by 
mee a simestones and cherts. Such have been developed 
near BENE CA, iewton Co., Missouri, and are very extensive. The material 
is employed ¢f Water-Tilters as well as for polishins powder. 

BIO SHOW ear. ot iis Of the Cherts of Missouri. AY Eh. SS. HOw esos, 2015 
Hineral REsources'. “1eIe. er ae. 

PUMICH is produced in small quantities at Lake Merced, near San 
Francisco, California. 

HARD ABRASIVES--CORUNDUM AND EMERY / Corundum is crystallized Al, 0, 
and is the mineral of hardness 9, in thé common scale. The varieties with 
vitreous luster and light colors are called sapphire, the duller, more 
smoky colors still of vitreous luster, corundum, and the variety mixed 
with more or less magnetite, hematite, spinel, etc. and “appearing Jike a 
powdered iron ore is called emery. These varieties are the common abrad- 
ing agents when ereat hardness is required, 

Corundum or emery is found in the United States at Chester, Mass.., 
near Peekskill, N.Y., and in North Caroling and —georsig. Ae Chester 25 
occurs as &@ bed or vein in @eneiss near its contact with mbes sehist and 
is quite persistent for a considerable distance. Much talc especially in 
the pinched portions of the vein, and the Usual minerals, marcarite, cor- 
undophilite. diaspore, ete., ere Pound associated with its gpwas dis 
covered about 1863, in propesting for iron ore,and led to the establish= 
ment of an industry which later spread to other portions of the country. 
The exact sedldgical relations, aS t6 Whether it is a contact déevelop= 
ment along an igneous intrusion, need further clucidation. Near Peeks-~ 
kill, N. Y. small deposits of impure emery have been mined on a small 
scale. The material consists orf hercynite, a ereen spinel, mazsnetite, 
garnet and corundum, and occurs along the contacts of the intrusive rocks 
of the Cortlandt series and the neighboring schists. Operations have 
recently ceased. 

Beautiful crystals of red corundum have been obtained in Sussex Co. 
N. ¢d. dn the Limestone belt containing the zine ores . at Srankiin 
Furnace and Ogdensburg, but never in commercial amounts. In Chester Co. 
Pa., corundum was first discovered in this country, (1845). Large masses 
were found on the surface, but mining did not develop important quanti- 
ties. The corundum is Known Over a Streten of five miles, and is said by 
7. D. Rand, to ocour as loose crystals in & granite or Ssyenitic Tock. 
Corundum has also been met in Delaware and Virginia, but North Carolina 
and Georgia are the only states of economic importancs. North Carolina 
is the chief producer and the mines are located in Macon and Jackson Cos. 
The mineral occursiin a variety of rocks, sd@id by Es W. Parker GO emprace 
eneiss, tale, Chioraitve and mica ae massive anthophyllite, olivine 
and serpentinized rocks. It appears that some form of fresh or serpen= 
tinized peridotite or pyroxene is chiefly associated and the same is true 


~ a 


of Georsia. The plea are found in both states alone a crystalline belt, 
characterized by the se intrusions. Large masses, sometimes several hun- 
dred pounds in er and small crystals occur, mostly enclosed in hy- 
drated micazeous minerals. Some of these micaceous minerals are eminent- 
ly characteristic of emery or corundum wines in all parts of the world. 

In Géorgia according to %. PF. Kine, all the corundum deposits are in 
basic magnesian POR Ke. sither peridotite or its close relatives. They 
form igneous intrusions in pueies and scare. Yornblende-gneiss always 





aS aaa RES ae ae ewe ERE Te TS Se SS ee 
SoS eo ET VT a Cs Soren = yer pes so Saernnapeahiecs re 


ES eee aS, is Re es-7 piers tia 





forms one wall of the intrusion, and near this, in the peridotite the 
veins of corundum are invariably found. The associates are limesoda 
feldspar, quartz, hydrated micaceous minerals and hornblende, and octino- 
lite in variable proportions. The chief counties are Rabun, Towns, Yab- 
ersham and Union, but Rabun is as yet the only serious producer. Corun- 
dum has also been reported in Alabama, California and Colorado. Some 
prospecting has been attempted in the last named. Rather vigorous gravel 
washings have been in operation in the last ten years near Helena, Mont., 
where corundum pebbles of a good enough grade to furnish gems have been 
Obtained. Some thousands of tons ofemery are annually imported, mostly 
from ASia Minor where it is found in crystalline limestons near contacts 
with mica schist. 

-The origin of the corundum in North Carolina and Georgia has been 
discussed by Julien and Chatard and that of other deposits of emery in 
the classic papers of Dr. J. Lawrence Smith. It appears that the chlor- 
itic minerals crystallized at the same time with the corundum, and that 
in the southern states ferro-magnesian solutions from the peridotites 
probably reacted on aluminous ones from the gneiss, and that heated al- 
kaline waters as indicated by neighboring pegmatite veins in North Caro- 
lina may have had their influence. Alumina in some way crystallized out 
by itself. Caution is necessary in order to distinguish contemporaneous 
erystallizations associated with the corundum from alteration products 
from it. The late Dr. Geuth has described a considerable and very inter- 
esting series of the latter. | 
General Papers .T.M.Chatard..On Corundum. MR. LS66@6=84, 714. see also 

under North Carolina below. 


Fok. Geuth. See below under North Carolina. 

Po + are e . On Dr. Geuth's Researcher on Corundum and its 
associated Minerals. Bos.So0c Nat.Hist. Vol.L6 
Devo. LS 74. 

T Der aret. Emery and Other Abrasives. Jour.Franklin 


Inst. CXEXVII . 355 -\ 421. 1604.*eited py King 
as below under Georgia. | 
7.0.Rooper. On the manufacture of Emery Wheels and Emery 
. wheel Machinery. Iron Oct.24th, 1884. 

J. .SM2th . On the Geology of Emery and Corundum. A.A.A. 
S. Vi. 274. Essay in separate volume en- 
titled "Original Researches" p.1. 1884. sSée 
also A.J.S.1850.3554. Annales des iiines 1850 
259. VOLS EVILS, 

naux. Analyses of Emery. Zeit.%. tab.X. 657. 

Sid. thr, Emory Vormations of Asia Minoriacdsecvil. dis 

285. Taisteoft Minerais-with A. d.8y ail izliZeP. 
Memoir on Emery Pt.1I. Geol.& Min.of Smery 
from obs. made.in Asia Minor 42.dg2o.i11. 41.35, 
15d SO Oe 

v.E.Stevens. Emery Mines of Asia Minor. H.& M.Jour.June 65 

1886 p.410. lf.R. 1885.429 from Consular Re- 
ports of approximately this date: 
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Colorado. W.B.Smith Noted in Mineralogical Notes. 2. Proc.Colo. 
Sei.Soc: Tl. plied. near Calumet, colorado. 

Georgia. FP King Corundum Deposits of Ga. Bull.2. Geol.survey 
Ga, 1894, Bibliography Lis. Rec. 
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Massachusetts. J.H.Adams. Corundum at-Pelham Masse otés And.S aki smi. 

Mee 

C.tf.dJackson. On the Discovery of Emery at Chester, Mass. 
Bed Os Tht ARATE 87 oe Chem. Anais er Minera is 
Associated with Emery of Chester Mass. Bost. 
oo Nat.His. VOLO. 0.3421: 1664-66.A./.5.. 454. 
Ai. POs Discovery of Emery in Chester - 
Massa -Proe.Bos.50¢..N.H. Nodes ue, ae 1864-66 

C.W. Shepard. Corundum Associates at Chester Mas Ace a 


New York. 


North Carolina. 


Pennsylvania. 


Lin Alas Gel Ondo ge S 


J... ds. Sint. On the Emery Mine of Ches 


ter Hampden Co.Mass. 


With remarks on the nature of Emery and its 


associatewimerals. Ancdud: 
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J.P.Kimball. On Aluminous Magnetic een Ore and its uses 


My iron metradciurey . Mar. 
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T.li.Chatard. Tne Gneiss Dunyte contact 
N.G. in relation to- the Corundum. 
Ap 0, 4056S Bibliography p.45. HE. & 1, 
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C.W.Jencks. Sopundumn and 


JOUPr.-Juiy ZL. LS6Sé:.. 46. 
North Carolina Corundum. 
714. Rec. 
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.W.Shepard or. On the Corundum Region 
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CARBORUNDUM (he artifveial compound of carbon and silicon, Csi, mas 
attained considerable prominence as an abrasive which is still harder 
than corundum, and nearly as hard as the diamond. It has been recently 
discovered by #.G.Acheson, and is produced by passing a powerful electric 
current through a mixture of sand, powdered coke and salt. 


H.G.Acheson. Carborunaum- its History, Manufacture and Uses. Journal 
franklin Institute, September 1893. 
J.A.Matthews. Carborundum- its History, Physical Properties and Chemis- 


toy. 5, Of M, Quarteriy, AVI.” Fo. Nov. 21694. 

High caroon steel is also crushed and sold under the name of steel 
emery. It isa very serviceable abrasive, being tough as well as hard. 

GARNET has in recent years besn mined in considerable quantity in 
that portion of New York State lying west of Ticonderoga. It occurs in 
laminated pockets associated with hornblende and feldspar and in the 
southern Adirondacks. The variety mined is nearly 8 in hardness. Its 
cleavage planes and cracks afford very sharp angular grains, much super- 
ior to quartz for sandpaper and polishing powders for wood and leather. 
F,C.Hooper. Garnet as an Abrasive. S.of M.Quarterly Jan.1895.XVI.124. 

QUARTZ. is more largely produced for glass and pottery works than as 
an abrasive. It is afforded by veins either of the pure mineral or of 
pegmatite or coarse granitic mixtures. It has been quarried at Bedford, 
N.Y. and Mystic, Conn. Natural sands are too common for extended mention 
and will bs again referred to under glass materials. 


The SOLID ABRASIVES are buhrstones, grindstones and whetstones. 
Buhrstones or millstones require a-tough, hard, rough rock that will 
not wear smootn. A cellular structure is best adapted because the con- 
tinual opening of new cavities keeps the surface rough. Granular yet 
firm sandstones have been used and the familiar term Milistone Grit for 
the Great Congiomerate of the Coal Measures suggests at once this employ- 
ment. The Oneida Conglomerate is used also along Esopus Creek, V.Y. and 
is a well known stons. Another from Pennsylvania is called Cocalico, 
while still a thizd from North Varglinae as tne, "Norin Caratina Grist’. 
A weathered Silurian chert from Tennessee has been employed and also an 
Ohio stone from the Carboniferous. The cellular chert with fossils from 
the Tertiary of the Paris Basin is the typical buhrstone. It consists of 
a deposit of chalce donic silica which has replaced fossiliferous lime- 
stone and whose cavities are due to the original presence of organic re- 
mains. <A cellular basaltic lava from near Cologne on the Rhine is also 
employed, and even garnetiferous mica schist has been used in Norway. 
The grooving of millstones is a neat operation in stone cutting and re- 
quires great care, but stones are rapidly giving away before the new rol- 
ler processes Tor erindinge grain, 


#?.L.Nason. Miljstones in Ulster County Néw York. Report of State 
Geéqlocist New York, Tegs. =. 893... 

J 4fgear. OFG Judges Reports and Awards Group I. Centennial Exposition 
Peat? Sx 


GRINDSTONES are manufactured from rather soft, gritty sandstones. 
The necessary qualities are the following. The stone should wear away 
with sufficient rapidity to preserve the roughness or "tooth" and should 
thus not glaze, and at the same time should not be so soft as to go too 
rapialy. ne principal 16GSiities for the production of erinds .oncs are 
in the neighborhood of Gleveland, and elsewhere in Ohio, and Grindstone 
(E72) 
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otY, Haron Co. Mich. In tne former, certain Jayers in -the sandstone 
quarries mentioned on pp. 120. I2Zl..are specially adapted to this purpose 
iadependence, Berea, Amherst and Peninsula all supply suitable material 
from the Berea Grit of the Lower Carboniferous. Further south at Massil-—=- 
29n, Marietta and Constitution, ledges in the Coal Measures proper are | 


utilized. in Michigan the sandstone is obtained in the Marshall Group of 
the Lower Carbomiferous. Smaller amounts are taken out in South Dakota 
and California and in New Brunswick and Nova Scotia there are also quar- 
ries. 
Michigan. C.Rominger. Geol, Of Michi oat. 372 

C.Wright &@ &.0.Lane. .G¢o0l.. of Michigan Ve ~ Pert os 2= ae 
Oni ©. EOrton. Geol, OF Ohio VY. 582.585.5866 .586-592.607. 


The Mineral Resources have annual reviews. The reports of H.D.Ingall in 
the Geological Survey of Canada give statistics of Canada. 

WHETSTONES when applied to rough use are made from sharp gritty 
Sandstone, or Tyrom Such a rock AS Mica schist that is Set With crystals 
of some “hard eritty mineral like duartZ, earnet Or-rutile. Such senists 
ares obtained in large quantity in the northern counties of New Hampshire 
(Grafton and Coos) at the towns of Piermont, Lisbon and Littleton, “Ihe 
stone is best known by. the name indian Pond. The stene is am arciliitic 
mica schist containing minute garnets and rutile. (See Geology of N. H. 
Vol.III. Pt.4. p.222),. Other quarries have been opened in Vermont; and 
to a iess degree in Massachusetts. Up to 1893 the output was controlled 
by the Pike Manufacturing Company, but at present some independent con- 
cerns are also working, old contracts having expired. Scythe-stones are 
the chief grade made. Near Cortlandt, N. ¥. on the shores of Labrador 
Lake, a fine grained, green argillaceous sandstone is quarried for whet-— 
stones and is known as Labrador stone. At Berea, Ohio , and grindstone 
City, Michigan, scythe-stones of sandstone are manufactured. In Orange 
County Indiana, the Hindoostan stone is obtained and is a very fine 
grained sandstone. Near Pierce City, Missouri, a Tine yellow sandstone, 
called Adamscobite grit is manufactured to some extent. 

Fine whetstones are practically all obtained in Arkansas, and are 
made from the extremely close-grained siliceous rock known as novaculite. 
It appears to be a hardened siliceous woze, throughout which are rhombo~ 
hedral cavities left by the removal of minute calcite crystals. These 
occasion the grit. A variety with coarser cavities is called Onachita 
(or Washita), and a finer variety is called Arkansas. The individual 
prains are 0.01 min. and less in diameter, while the. cavities reach about 
8 times these dimensions. The novaculites forma series of beds ora 
great stratum about 500 feet thick, of geologic position in the Trenton. 
They extend as an eas} and west belt in western central Arkansas, and are . 
largely quarried near Hot Springs. The stone is so broken with joints, 
shaly streaks, quartz veins and cavities that much waste is made in get- 
ting good materials. It is all shipped out of the state to be manufac t- 
ured. 

The authoritative American work on whetstones of all sorts is L. 8, 
Griswold's Report on Whetstones and Novaculites, Ann.Rep.ark.Geol.Survey 
Vol.III. 1892. Both foreign and domestic stones are treated and copious 
citations of literature are afforded. Statistical papers appear year by » 
year in the Mineral Resources. See also J.J.Sutton, "Washita and Arkan-~ 
Sas Oilstones and Quarries" E. & M. Journal October ieth, 1e662% 
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ASBESTOS. Asbestos, in strict mineralorical definition is an an- 
hydrous silicate, a variety of amphibole but the aBbestos of commerce is 
chrysttile, a hydrated silicate of magnesia and. small amounts of iron ox- 
ide, and a variety of serpentine. It always occurs in serpentine and 
forms veins in. which the fibers Tie transverse to the walls; ft. 

ASbestos of inferior quality Is found in a number of Docali 76s in 
the United States, but these have never become important producers. 
Pelham, ilass., Statan Island, N.Y., various places in the southern states 
and in Colorado, ‘/yoming and California have at one time and another rer 
ceived attention. The American mineral is only adapted to grinding up 
for paints felts and cements. The chisaf source of the fibrous asbestos 
suitable for weavings, was formerly Italy, but since 1879 the Canadian 
Mines near Thetford and Black Lake, Province of Quebec, just north of 
Vermont have become heavy producers. The mineral occurs in veins in ser- 
pentine, with the fibers perpendicular to the walls. Four grades are 
made; No.l has fibers one inch long and upward, No.2 has fibers under one 
inch but. still good for weaving, No.S has bits of sanzue, etc.) mixed 
with short fibers; and No.4 is the waste material good only for grinding. 
The American market is principally supplied’ with. the Canadian asbestos. 
The price of asbestos has fallen off ereatly in the last few years and 
curtailed operations in Canada materially. 

Bastory <c... Ha, @ PL Jour, Noy, & 2ee7 p, @ee- 
4eitsch d. Vereines deutsch Ingenieuren-xXZXVII 1895.1117-8 


Jd.H.,Adems Asbestos at Felhnam Mass. AcJ.5S. a2. Ride 271. 

J.F.Donald. Notes on Asbestos and some asso. Minerals. Can.Rec,.Sci.IV. 
100. pene 

R.W. lis. Asbestos, Its History, Mose of Occurence and Uses. Ottawa 


Naturalists Club-Vol.IV. pp.201<-225. Mar. Teg. 
Asbestos in Quebec: -Can. Report.1888-89 Vol.IV. p.139. 


Jones. Asbestos, Its Properties and Occurrences , London. 1890. 
hinge We a ol The Canadian Asbestos Industry. The Canadian Mining and 
Mechanical Review July 1892. p.1l22. Rec. The best industri- 
al sketch. 
FLUORITE OR FLUOR SPAR. Fluor-spar (CaF.) is a common vein-stone 


in Ore deposits although not often utilized. It was an old time flux in 
led metallurgy and in this way received its name. Its principal use to- 
day is as a source of hydrofluoric acid which is a very valuable chemica, 
reagent and is prepared in this country practically chemically pure. Th 
One important source of the mineral is a district in Hardin Co., south- 
eastern Illinois along the Ohio River. Galena veins occur in the neigh- 
boring part of Kentucky, but in lilinois the principal fillgues as fluor 
ite with very subordinate galena and blende. The veins are in the St. 
Louis limestcne near the top of the Lower Carboniferous. The chief vein 
workec. is of large size and very persistent. It contains fluorite in 
thickness from 2'-12' with a clay selvage and at times a band of calcite 
next the wall. Comparatively few disseminations of galena and less 
blende and chalcopyrite are in the vein filline. The rluor is whive or 
slightly iron stained and is mined, crushed jigged and ground. The mines 
are somstimes spoken of as near Shawneetown but this is some miles up the 
Ohio River. The nearest town is Rosiclairs. 
God sbrush . Note Of TiLiInois Plu0rite, Ag soto t tee lw lle, 
S.F.Emmons.° Fluor=-spar Deposits of Southern Illinois. M.m. Peb.15¢7. 

AXLI, S51. Complete va references are given. 

L76 








A.H.Worthen. Keonomical Geology of LLlinois. Vol. I. 1882. ».509. 
See also Mineral Resources 1889-90 for applications. 

GLASS SANDS. The chief-raw materials for glass are SiOz and one 
or more metallic oxides. The former.is supplied by very pure sands which 
have no staining impurities, the latter are soda, potash, lime and oxides 
of lead and zinc. Some other substances are added to correct existing 
impurities. Pure glass sands are the only ingredients mentioned here,and 
they are of importance because the various glasses contain from 50-60 per 
cent Si0a. Glass sand should be white, angular and not too fine and 
should be nearly pure Silica, with not over one or one and a half.of 
other materials. In the best grades marketed these are as low as 0.25 7% 
and are little else than Al>O:,. Iron is the element specially avoided. 
The color may not always be a sure test for some of the best Kngiish sand 
is slightly yellowish though very free from iron. Sandstones and even 
quartzites are ground up when available but. the outcrop of such hard rock 
usually supplies mellowed and softer portions. The United States are 
richly endowed with suitable sands which leave little to be desired. The 
town of Chesire, near North Adams, in Berkshire County Massachusetts, be- 
tween Pittsfield and North Adams furnishes a very high grade (Si0-~ 99.78; 
Al-05 0.22) from Siluro-Cambrian (Taconic) quartzite. Juniata County,Pa. 
has other deposits (SiO, 98.84) in the Oriskany sandstone, that are ex- 
tensively worked. Fayette County, further west, yields an excellent pro- 
duct (Si0s 99.72) and Morgan County, W. Va. in the neighborhood of the 
Cumberland coal field, ships great quantities to Pittsbure. Ohio has 
some workable beds in the Coal Measures at Massillon. In Illinois the 
ot. Peters sandstone southwest of Chicago supplies a very pure material 
that goes by the name of Fox River. sand. South of St. Louis along the 
line of the Tron Mountain R.R. the taxonomic equivalent of the St.Peters 
sandstone, called the Saccharoidal Sandstone yields.a famous glass sand 
at Crystal City (Si0s 99.62). The Geological Survey of Arkansas has re-= 
cently located other deposits in that state of which no developments have 
been made as yet, but which are of great promise. 

The clay for glass pots deserves a word. In former years it came 
from abroad in large part, but the Americam sources are gradually supply- 
ing the demand. The Cheltenham clay near St. Louis,(p.126) is much 
prized and is brought to eastern glass works. The demands on glass pots 
are severe and Only the best clays are equal to them. It ‘is worthy of 
remark that instead of sands foreign glass makers have used felsites or 
other igneous rocks that lack iron but are high in alkalies with advan- 
tage. The economy lies in saving soda or potash. 

Mineral Resources, Especially 1885. p.544 
5.G.,Williams. Applied Geology. 

LITHOGRAPHIC LIMESTONE. Much attention has been given to the dis- 
covery of American sources of this valuable material. A limestone is re- 
quired of very even and homogeneous texture, with no quartz, pyrite, 
specks, veinlets or imperfections. The Bavarian quarries at Solenhofen 
(Upper Jurassic) now produce but little of the best grade and their out- 
put of this is all absorbed abroad. Clay and Overton Counties Tennessee, 
have furnisned a little and new enterprises are being pushed in Wyoming 
and Utah. There have also been some discoveries in Lawrence Co.,south- 
western Indiana; in Talladega Co.,Ala.; 40 miles east of Prescott, in 
Yavapai Co., Arizona; in Searcy Co., Arkansas; near Thebes, Tllinois; 
Jonés and Van Buren Co's., Iowa; Hardin, HEstell, Kenton, Clinton, howan 
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and Wayne Co’s., Kentucky; near saverton, Ralls Co., Missouri; Burnet Co. 
Temas; and Pincastle, Virginia. in Petereborough and Bruce Co's... Onita= 
rio, thwere are a. openings: These localities are quoted from G.P.Mer= 
rill's paper cited below. Aithough sO numerous very Tew have as yet sup- 
plied any serious amount. The Arizona seems good but its location is 
inaccessible. The Arkansas stone cost more to quarry than it was worth. 
Of the other American quarries only those in Tennessee appear to bs of 
aotable importance. Despite the interest in the subject the Hleventh 
Census reported but about 108 tons of value $1943. as the product of ten 
years 1880-1689. in Canada the industry appears vo be more serious. 
Statistics-for 1894 report $30,000 worth produced. From 70,000-100,000 
dollars worth ere annually imported into the United States. .0f iate 
years no local statistics have been gathered. 
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Le HhOpKins Lithographic limestone in Arkansas. Ann.Rep.Ark.Geol.Sur. 
16890. iV. 76 and elsewhere as per index. 

Gee ne rrias . in Minérai’ TRQUstry. £95; 455. Kec, see also Store. Tit, 
EOS. Published in Indianapolis. 

Mineral Resources i886. 690. Also other numbers. 

E.W.Parker. Hieventh Census. Mineral Industries. ‘76l. 

MICA. This mineral is the basis of one of the minor industries of 
the country, and one that is of somewhat increasing importance in connec- 
tion With electrical démands for insulators. “Stove doors and simijar ap- 


Plications that require a transperent substance, which is not effected by 
high temperatures; lubricants; wall papers, and a aumber of other adapta-~ 
tions take additional amounts. Both muscovite and phlogopite are employ- 
ed, but chiefly the former. Biotite has little commercial Valus. sheets 
of light color and dévoid of imperfections and cross cleavages are the 
ones desired, and to obtain such of good size, a vast amount of waste is 
made. In addition to the remarkable cleavage that gives the mineral its 
value, mica has others that cut across the plates and cause the sheets tO 
break. Muscovite occurs in great, coarsely crystalline Veins or dikes 

of the same minerals that are characteristic of sranite, viz., feldspar. 


and quartz. In addition they frequently have beryl, tourmaline, garnet, 
and some others which contain the rare earth. The mica is more or less 
irregular and pockety in its distribution. "Hlectrical” mica 1S now 


chiefly obtained in Canada and is an amber colored phlogopite. J.?.Donald 
states that it must) be of very even thickhess Gnd that a piece .O imee 
thick ought to bend to a cylinder of 3 inches diameter without cracking. 
The workings are in much the same district as those for ADEACLtGs Mazias 
Perth and Renfrew Co's v, Ontario, and Ottawa Co., Quebec. FPHhiogopste is 
quite invariably associated with limestone or pyroxenite. 

In the United States, muscovite is obtained In Grafton Co., N. Ho. 
A belt nearly 50 miles long contains the veins, in gneiss, but in 1895, 
only those at Alexandria and Groton were operated. EHarlier openings at 
Acworth, Sullivan Co. and at other places made this section a famous min- 
eral. region espevially for beryl. The industry is a very old one. In . 
1867 prehistoric mines of the aboriginees were reopened in western North 
Carolina and a considerable production was attained for about 20 years. 
The principal towns are Bakersville and Burnsville, but being 40 miles 
from rail, over rough mountain roads the conditions are hard ones. A 
little mica has been dug in Atbapema, the Black Hills, New Mexico, south-~ 
ern Nevada and habredor, and of resent years very considerable imports 
have been brought from India. In mining only about 4-5 % of the rough 
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Wied, CY 2 most 6-10, 18 saved as the final product. The price’ in- 

ecreasss tatty 3 or oe Si eee. 

J.i.Donald. Mineral industry 1895. 4736. 

Lied Une Ids, Eleventh Census Report on Mineral Industries. p.725. 

C.H.Henderson.tlica and Mica Mines, Popular Science Monthly Sept.1892. 
E. & i. Journal January 16h LES 

W.C.Kerr. Mica dines-of WC. BE. Vili.482, © ee ier 20. Sere 

H,b.O.,NitzZe. Ground Mi¢da Industry in N.C. Bie UY. Se0.2479Ss. 5. 2e2. 

---- Note on Mica & Asbestos in TY, Bye Mad NOV .24. 'S68..p. 459 

E.W.Parker. ilineral Resources 1895.74¢ See also other volumes of the 
iiineral Resources. 

WeB.Philiips. Niea Mining in W.0. B.& i.Jcur April 2i 1686.5.2c6 .als6 
ln  LOLLOWing: 506,és2y50e, June 2.504,168, 466. 666 alco 
ilineral Resources 1887 and E.& HM. Tour. Sep. 26% LSS, 

N.S.ohalker. liiea Mines of New Eneland, 2Otgh Census, Volsie.’ 6.855. 

WVoASOmMIth. iineral Industry 1892. ».539. 

~ - - - ine Virginias; 1664, p.127..General short deseription. 

MOULDING SAND. this useful variety is of value in several re- 

SLlONS and is indispensible ror foundries. A sand is required. that has 

enough argillaceous matter mixed with it to make it take the shape of 

the pattern and hold it without baking or checking under impact and 
influence of the heated metal. At the same time the mixture must be 
very intimate, so that each grain of sand is coated. Coarse sands are 
used Tor heavy castings, fine Tor lishter work, “Tne principal Tocaligy 
for moulding sands is in the Vicinity of Albany, N.Y: Beds 6 inenéee 

to 8 PE. eh Lick lis alongs the banks of the Hudson, under the surface 

Soil and resting on heavy sands and gravel. According to Nason, to 


whose paper, these notes are chiefly due, 60,000-80,000 tons are an- 
nually shipped. F.., Neem: Rep ey. State Geologiet, 1895. pect4: 
PRECIOUS STONES No industry connected with mining precious 
stones has proved a very serious one in North America. In South Bmerica 
however the now exhausted diamond fields of Brazil were formerly impor- 
tant and the emeraid mines of Colombia are still quite largely operated. 
A number of minor localities are systematically worked in both contin- 
ents tO Which brief reference will be made. A distinction is to be made 
between the precious stones or sems properly so-called, and mineral 
Specimens which though obtained in notable quantities in not a few 
ahd and sold for considerable sums are yet not treated. Only those 
that are Serious contributors to national resources are here taken up. 


» 


sc eta Bs American Gems and Precious Stones. Am.Nat. 18.66. 

- 2 Se aS Gems é& Precious Stones=-B.& MJ. NOv ele 1687. DP oo5., 

Pel (Brave. Notes on Gems Garnet Hyacinth H#meralds or Hiddenites 
Zireons Sapphires 6t¢.) Bos: S0e.Nat, Fist. XXili. p26. 

A.C.Hamlin. The Gems of the United States. ALAA. S. L663, 

GF hans, Gems & Precious Stones of North America. N.Y,16892. 
Annual Statistical Paper-Mineral Resources since 1882 but 
especially 1883-84. 1893. Also in lith Census Mineral 
Industries-669. Precious stones gems etc.in Canada. Can. 
oe Dury. LBeF . Report on Mineral Statistics. 

I.Lea. urther Notes on Miceos Crystals in some Gems. FRUiLe« 
Academy SCLOnGEe 21669, 2iy. 

Th.Taber. Practical Remarks on Gems. hn On Oe BOR + Os 

Hats VaLee. Precious Stones SGhool of Mines Quarverly Li¢C OBS. 
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PERYL, EMERALD & HIDDENITH. A few clear beryls, or aquamarines 
are produced in North Carolina of sufficient excellence to warrant cut- 
ting. A most interesting and as it proved valuable find of a green 
lithia spodumene later called Hiddenite, was made by lir.W.E.Hidden in 
1880 at Stony Point, Alexander Co., N.C., where it was associated with 
emeralds. The erystals yielded a beautifu 1 clear green gem, which has 
been much prized. Bisaumn $e ans have fallen off in Late years. 

- ss = = dining for gems at Stony Foint Atexander ©6.,% HN. 3. 
Be Clee OUGrnaL December 10th, b.o8 1... 
W.tt.Hidden.On dmeralds, Hiddenite etc., in N.C, Trans.N.Y.Acad.8¢i. 
Jan .% dar Leen. Vol... BRf6S2. 500. Ald So. Eid fel. Beles. 
G.it.KunZ. Bmeraids from North Carclina., “A. J. ©, Pep. 2664, 5.254. 

DIAMONDS. The occurrence of diamonds as rare and interesting min~ 
erals has been noted in not a few places in the United States. bu t as .. 
yet they are of nO commercial importance. Mr. Kung in the statistical 
papers cited above, gives full reviews. In Brazil, though no longer 
flourishing, the industry is an old one. 

Brazilian Diamonds and Carboms. BE, & HM. J6ur. Mare ch EL wkLeSe “P.~Loe: 
aK ae Mining in Prov. of Minas Gérass, Brazil. E.& M.dJ.0ct.6 *635 p.216 
QO.A.Derby. Ge olosy of the PEAMOMC., Bice gos Lad «eo. O77. Geol.of the 
Diamantiferous Region of the Prov. of Parana, Brazil. Amer, 
POLL. BOC. tay 16th, Le7?. Bea. 

OPAL.has been discovered in notable quantities in andesitic or 
basaltic dikes near the Snake River, Idaho, in Owyhee Co. The quality 
is considered excellent. Other finds have been made near iloscow in the 
same state and ccmpanies have been organized in each instance. Opals 
are obtained in quantity in the state of Queretaro Mexbco. 
the Opal Mines of Queretaro, Mexico. #H.& M.J. Sept.6.1866. p.170. 
J.D.Dana.Precious Opal from near San Juan del Ric, Quaretaro, Lex. 

bcd > Ba. Di Bo es. 

SAPPHIRE. Des e the abundant corundum of North Carolina and 

Georgia, almost non mem excellencs nas bean met. Waterworn crystals 


®oc 


have been known. for ars nCws (ea in the gsravels of the Missouri River, 
near selena, ea ang of late they have been systemativally washed, 
for gems. The gems prove of Light colors, but of otherwise excellent 


qualities. 
TOUNTALINE has peen mined for gems at Paris, Maine. 

TURQUOISE is now the basis of our chief gem industry. It as ob- 
tained near Los Cerillos, and elsewhere in New Mexico. The mineral 
cOat cracks itfh2@ decomposed volcanic rock, and yields a product whose 
value has reached S100, O00, as the maximum for a year. 


W.E.Hidden. PurounT ae in New ftlexico. Red. St “Nev. Less. “200% 
On American sems in general, the papers and large work of ir. Kunz will 
furnish ali SeGuee Lis OY ma tLon. 

SOAPSTONE AND TALC. Soapstone is a variety of serpentinous rock 
which is hire made up of fibrous or scaly crystals of tale. It has 
considerable utility as a material for wash-tubs, footwarmers, ¢tc., as 
well as for slate pencils and for granding to powder. In the quarries 
the drawbacks are, the lack of homogeneity in the rock, especially as 
ocasioned by seams of quartz, bunches of pyrités, of hornblende, pyrox- 
ene, etc., which are harder than the stone itself and interfere vith 
the prenvs: ration both by sawing and erinding. Ree hing Ls frequen‘ly 
met in ths.metamorphic belt of the Appalachians. The heaviest producer 
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is Pennsylvania from its southeastern portion, especially in the ser- 
pentine belt. New Hampshire follows second with a wide distribution 
especially in Hillsborough Co. New Jersey and Virginia are next and 
Vermont, Maryland and North Carolina also have small industries. Soap- 
stones are in almost all cases, altered forms of amphiboles or pyroxenes, 
and probably in many instances were originally some form of basic le- 
neous which has passed through an amphibolite stage. 
AaIeee Resources Annual Volumes, especially 1682-1693. 

sP Morrill. tones for Building and Decoration p.45., Rec. 

Rem of great purity and in fairly sharp contrast tO the usual 

is the basis of an important industry im 8t. hawrence’Uo., 
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mn the neighborhood of Gouverneur, WAIGh IS the eantrat point, 
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fit f eonsicerable size in erystalline limestone or marble 
belonsing the Oswesatchie series of the Archaean, as named by C. H. 
oMvyth. Jr. <—PRe pele of marble is-a@beup scicsnt miles lone by a mile wide 
and extends throuen the towns of Edwards and Power, he tale is an 
alteration produet of tremolite, amd eitée contains consideraoie or 
this mineral. The ground product is chietly used for wetentine paper 
pulp in the manutacture of payer, For which Purpose Lbs Libpeous ““saract- 
ter eminently fits aan It gives. the paper also certain excetiences 80 
that it is not altorether an adulterant. Smaller amounts are used in 
hard forms of plaster for walls, and for various minor purposes, 
A.Sahlin. The tale industry of Ghe Gouverneur District, A. Y¥. 

i. Chet.) Chee Mineral Industry, 16092, 455. 
C.H.Smyth,dr.Annual Report New York State Geolosist, 1695. S51]. Kee. 
C whee FELES., loneral Industry Logs 605 
Annual Statistical Papers in the tiineral bed eld 

pee a€lso HE. & i. fowurnal flay 25. 1869 475 

on a Ey. 2B Ee UP eee, 

SULPHUR as such is almost invariably obtained from deposits of the 
native mineral the only other source is in the pe kcn enaeese alkali 
waste of the soda manufactories, which is treated by the Chance process 
in England and on, the continent. 

Native sulphur resembles the artificial product in all respects. 

t is vellow, with an occasional brownish cast from contained bituminous 
matter The presence of selenium also darkens the color. The hardness 


is 1.5 to 2.5; sp.em. 2:07: the crystals are rather acute octahedra of 
the orthorhombric system, and are often extremely rich in faces. The 
cormon mineral is, however, massive, and.the crystals only appear in 
cavities. The native mineral kindles readily in a flame, yielding the 
characteristic Sufifocatinge odors. 

The geology of sulphur may be summed up under two rather simple 


types. 

1. THE SOLFATARA TYPE--This is deposited directly from sulphurous 
gases, especially sulphuretted hydrogen (H.S) and sulphur dioxide {S02} 
These two react on each other, most quickly in the presence of moisture, 
to produce water (H,0O) and sulphur (S). As is well known, H;5 is a pow- 
erful reducing agent. These gases enamate in regions of expiring or 
active volcanoes and form solfataras. The sulphur collects in cracks in 


the lava and in the turfs, or in the kaclin and ¢lay yielded by the ¢cor- 
hee action of the acid fumes on the lavas. Gypsum, native alums,etc., 
(183) 
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are ~Prequent associates. Some vents, as Vesuvius, yield in much the 
way deposits of ferric chloride, whose yellow color at first .sugsests 
sulphur and deceives the hasty observer. Occasionally some arsenic is 
found with this volcanic sulphur, in the associated minerals orpiment 
(As;S3) and realgar (AsS). Such was the case on the island of Vulcano,. 
one of the Lipari sroup, off the coast of Italy, where for a time these 
minerals were gathered. The same association also occurs in the Yellow- 
stone Park. Small traces of selenium and tellurium have been detected in 
an Orarnge-yellow Japanese variety. 

20 far as can be learned, Japan and southern Utah are the only de- 
posits of this character that are now of much actual importance. 

II. THE GYPSUM TYPE--The seeond type results from the alteration of 
sypsum through the reducing action of bituminous matter, and hence always 
occurs in a series Of sedimentary rocks, With -marls, shales, and lime= 
stones prominently developed. The seneral reactions involved are appar- 
ent from the following: Gypsum is CaS0O4 2Hz,0O. The reducing action of 
bituminous matter destroys the sulphate and yields calcium sulphide, car- 
ponic acid,.vaver, and the like. The further changes may take place 
elsewhere in case the calcium sulphide wanders away in solution: The 
oxygen Of the air, carbonic acid, and water react on this (according to 
Bischoff, at as low a temperature as 35°C.) so as to produce calcium car- 
bonate, sulphuretted hydrogen, and a polvsulphide of calcium. The poly- 
sulphide in its turn yields carbonate of calcium, native sulphur, and 
Sulphuretted hydrogen. The original sypsum has, as a general thing, been 
deposited in the evaporation of isolated bodies of salt water, and it 
often has great beds of rock salt, as in Sieily, associated. It is a 
remarkable fact that such deposits of sulphur-bearing strata are very 
widespread in Europe and of uniform Tertiary (mostly Miocene) age. They 


are known in France, Spain, Sicily, northeastern Italy, Poland and Greece. 


In the Caucasus they are Jurassic. The beds in southwestern Louisiana 
are in the Quaternary belt. The reports from western Texas are as yet 
too measer to warrant an inference as to seological age. 

As of mineralogical interest it should be also noted that sulphur 
results from the alteration of pvrites, marcasite, and related sulphides, 


4 


although it is doubtless true that here, as in the last case, the pres- 
ence OF bituminous or organic matter is necessary. Hasses of pyrite in 
limestone, as in the Calsiferous strata on Lake Champlain, may yield 
crusts Of sulphur an inch or .so thick, and the decay of the same in coal 
seams, frequently affords, flaky coats. Gypsum is a common companion in 
both cases. In the oxidized zone or iron hat of veins of sulphurets, 
crystals of sulphur are found, often very prolific in faces. 

MEAICO. For many years (it is said even from the time of the in- 
vasion of Cortez) sulphur has been known to exist in the crater of Popo- 
catepetl. .This voleano, whese crater is still supplied with the sulphur= 
depositing solfataras, is one of the three or four highest peaks on the 
North American continent, reaching 17780 feet above tide and 10500 feet 
above the City of vlexico. The sulphur is obtained on the floor of the 
crater, some hundreds of feet below the summit, and is there deposited 
as a fine powder by burning jets of HyS. It is seraped up by the men of 
a tribe of Indians who, accustomed from childhood to climbing the moun- 
tain, are able to stand the fatigue. When placed in bags the Indian 
packs it to the upper snow line, and then arranging himself and the bags 
On a mat, he slides swiftly to the ig edse of the snow, and thence 

(182) 
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carries it to the retorts, where it is purified and sent to the Ley Of 
ees Obviously this source is not likely to yield large amounts. 
l.zRahden: "Popocatepeti" , New York Evening Post, NOV<bihs 1892. 

UNITED STATES. Although the United States forms the principal 
customer for the Sicilian product, its home sources are not as yet much 
developed. None the less the reports show that enormous bodies exist in 
Louisiana and in Texas, as yet undeveloped, and very rich deposits are 
opened in southern Utah, but too remote for the Eastern market. The Pac- 
ifie Coast also imports from Japan. 

ALASEA. For many years past it has been known that the volcanic 
islands off the coast of Alaska contains sulphur. Mr. Dall, in 1870, 
mentioned this mineral as being, next to coal and copper, the chief re- 
source Of the country. The larsest deposit, so far as known, is on Ka- 
diak Island, but others are recorded on Akutan, on an island southeast of 
Aklum, etc. They are all of the solfatara tyne, And are yet to be worked, 
4,H.Dall Alaska and its Resources, p.478, Boston. 1870. 

CALIFORNIA. iwenty years ago sulphur was obtained at Sulphur Bank, 
on Clear Lake, some forty miles north of San Francisco. It occured in 
the white siliceous residue of a basalt flow, that had been decomposed 
by the uprising solfatara which deposited the sulphur. As development 
went deeper, however, the sulphur mine changed into a cinnaber mine, and 
as such had a brief career. Sulphur deposits were also for a tine Wetted 
in Colusa County and @ small refinery was erected. Sulphur also occurs 
in the San Joaquin Vaktey, Kern Co., cementing gravels, etc 


W.A.Goodyear Rep.Cal.State Minerahocist, 1690.."bake Co.,258; Coluealss 
I.Leconte. "On sulphur Bank” Amer.Jour.$64., JULYy,1682,25 
J sAcePHLI Lips. "On Suiphur Bank” Philosoph.Mae.; 1671, 401% 

LDA OF Ssulphir- has been reported near Swan Lake, and also four 
miles from Soda Springs; Oneida Co. 

LOUISIANA. Probably the richest and geographically the most ac- 


cessible of the American Localities is in southwestern Louisiana, 250. 
miles west of New Orleans and 12 miles from Lake Charles. The first hole 
Which revealed this Sulphur was sunk in search of petroleum, of which the 
presence Of OLL ana tarry matter on ths surtace were resarded, quite 
justly, as an indication. While more or less of these bituminous sub- > 
stances were revealed by the drill, the great bed. of sulphur is the main 
OO}ECE OT LATerSse. A number of holes have-since been put down with the 
results recorded pehow, and they leave no doubt that there iS a very 
large ae Which awaits exploitation. The first explorations were made 
by the Louisiana Petroleum and Coal Oil Co. It was succeeded by the 
Caleasieu Sulphur and Minine Go, . The Louisiana Sulphur “ining Co., fois 
lowed, and now the owners are the American Sulphur. Co. The following i: 
the record of the first well: Clay, quicksand and sravel-3355 ft., Soft 
Rock-110, Sulphur bed(70-80 % sulphur)-108 ft., Gypsum and Sulphur-680, 
Total 1231 feet. 

The difficulties in development lie in the quick sands and gravel, 
which are wet and soft, and in the soft rock which yields sulphurous wa- 
ters under a head at the surface of about 15 ft. The sulphur beds them- 
selves are, however, tight. <A shaft on the Kind-Chaudron system Was pro= 
posed some years aso, but has not yer been sunk. Beyond all question 
this is an exceptionally rich deposit, and it OUsht to have a future. As 
the sections show, it belones +6 the sypsum type, and has plainly been 
formed by the alteration of the sypsum under the influence of the neigh- 
(185) 
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; bituminous matter. The geological horizon is the Quaternary. 
A.Granet: Eneoineer'’s Report to the Louisiana Sulphur Company. 
Preussner: Zei SChritty der Geursch. Geol. Geselisch., 1668, xL., 194. 
NEVADA. Sulphur has been reported from Humboldt House, and is des= 
eribed by Russell as Tillinge the eYfaters ©f one or two extinct hot spring 
along With svpsum,etc. Its quantity is small. The mineral is also men- 
tioned from the Sweetwater liountains, between Nevada and California, in 
latitude 36° 30°. The only important locality in Nevada is in the Rabbit 
Hole mines, on the eastern border of the Black Rock Desert. The sulphur 
charges a porous, FRYOLLtICG tuir, ahd Linés cavities in it tO the depth 
at times Of 5 or 6 feet. The imprépnations Lie alone a sreat fault line, 
and are clearly of the solfatara type. The ore was treated with super-~ 
heated steam and considerable quantities of sulphur were obtained in the 
past. Of late years the mines have not been worked. Very interesting 
sulphur crystals have been measured from them by E. S. Dana. 
E.S.Darna! "On the erystalis from Rabbit ele Mines”, Amor7) our.Gei., C3), 
RAAEEE .O66 5 Belts sKeyoet.,211.,.460. 
L.G,Russell,: “Sulphur Deposits of Utah and Nevada” Trans. N. Y. Acad. 
SCi., L8G2.1.168; reprinted in the Eng. & finines. Journal 
Jan.2Oth,1885 p.51. Mr. Russell's valuable monograph on 
Lake Lahoutan ve a gives an excellent 
| account of the geology of the region 
TEAAS , iention of deposits of sulphur has been made by the Texas 
Geological Survey (Second Annual Report, Ixxvi.) fron Edwards Co., tn ‘the 
Llano “Estacado, but as yet little of a definate character has been writ- 
ten, Northwestern Texas is known,however,to contain very extended depos- 
1tS, although the d@finite descripticn of the area nas not yet been made 
PUL. 


The Keports of the Texas Survey make but paSsing mention of sulphur. 
UTAH. lhe larcest oe ern of any American locality is in Beaver 
County, southwestern Utah, near the tlillard County line. The mines are 


£6 miles east of Black Rook, a station on the Utah Central Railroad, 204 
miles south of Salt Lake City. From Black Rock to the mines a wag “on road 
traverses desert and lava sheets. An old outpost of the Mormons called 
Cove Creek Fort (also Ranch Fort) stands near the openings, and gives 
them their name=Cove Creek Ifines. The fort is on the eastern limit of a 
plain, which is bounded on the west by ilineral Range, twelve miles away, 
and on the east by Sulphur Range, a southern prolongation of the Tushar 
Mountains, which themselves belong to the larger Wasatch. The resion is 
one Of expiring volcanic activity, and the deposits, thoush presenting 
some variations, all belongs to the solfatara type. the mame “cove” or- 
iginated in the eresgentic depression of the Suiphur Ranaa, With the con- 
vexity eastward, within which the mines are situated. Between the horns 
of the cresent, and several miles northwest of the fort, is an extinct 
basaltic volcano 1000 feet high, with a cinder cone on its top. MThis 
is called the Cove Creek crater by Russell, but Mount Dickert by Vom Rath 
Subaerial gravels form the surface from the cone to the sastern hills, 
but at their base volcanic tuffs are developed. 

Most of the mines are alongs the junction of the gravels and tufas. 
It is stated by Russell (from whom shis deserviption is chierly taken) 
that there are three varieties. The first.ie the one now worked under 
the name of Cove Creek mines. t is an extine?t solfatara at least 1600 
by 1000 feet, and with sulphur rodk as much @s;50 Tect thick. ~ Uae sue 
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phur riclly impregnates sand, doubtless decomposed volcanic reck, lines 
cavities, and is associated with gypsum. After being mined out it is to 

erees reproduced by the fumes which constantly rise. The workings 
are noticeably hot. The second variety of deposit is an impresnation of 
tutti and of the altiuvial deltas resting on at. THE Ghire variety ig in 
Pissures in trachyte (andesite of vom Path) and in dark, carhoniferous 
limestone, along a line of faulting. Much gypsum has resulted from the 
action of the fumes on the limestone. Shales also appear in the section. 
Various claims are located on these last two forms of deposits, but the 
really productive one is the first named, in connection with which there 
is a refinery worked on the Steam principle, With condensers, srinders, 
etc. Up to 2000 tons yearly are produced. Vom Rath estimates the ore at 
75 %, to extend over 500,000 square meters up to 3 meters thick. 

Utah also contains another mine, the Barnes, near Frisco. Descrip- 
tTiOnS have not yet been published. 1t was productive in 1669, but in 
1892 the entire Utah product came from the Cove Creel: Mines. 

A.F.0u Paur: “The Sulphur Deposits of Southern Utah" Trans. Amer Inst. 
Zin. tne Vi sos LOS? : 
H.C Myers: "The Sulphur Industry of the Vest, Amer. Jour Pharmacy 1687 
aay ow 


™ 


G.vom Rath: Neues’ Jahrb. 1884 I. 
T.C.Russéli: "Sulphur Deposits of Utah and Nevada Trans. N.Y.Acad. Sei. 


L882, 1, £68. 
The Mineral Resources, published by the Geological Survey, contains fre- 
quent mention of the mines. 

WYOLEING. Native sulphur has been reported from several places in 
this State, all quite remote. Thirty miles south of Evanston, on Sait 
Creek, is one, while another is in the western central part of Uinta Co. 
The Wind River liountains are likewvise said to contain sulphur. Mr. W.H. 
Weed of the United States Geolozical Survey has reported sulphur from a 
number of the smaller vents and fumaroles of the Yellowstone Park. Some 
interesting crystals were yielded, but the deposits do not appear to be 
of practical importance. rpiment and realsar were found in similar re= 
lations. 

W.C.Enight: “Resources of Wyoming, in Bull. 14 of the State Experiment 
Stateon 16956.197. 

W.H.Weed and L.V.Pirsson "Occurrence of sulphur, orpiment and realgar 
in the Yellowstone National Park” Amer.Jour.Sci. Nov.'91 
p.401. 

VEST INDIES .-GUADELOUPE-Sulphur deposits have been mentioned from 
this island, and one or two tons have bean exported to the United States. 
The sulphur occurs in an old crater along a gsreat fissure,from which 
emerge fumes and hot waters, that yield alum and gypsum as well. The 
crater is five or six miles from Basse Terre, and about 4500 feet above 
tide. The amount does not appear to be either large or accessible. 
Sainte Claire Deville: “"“Sur-le Gisement de Soufre, 6tc., do ta Guadel- 

oupe,” Bull. de la Soc: Geol. de France, 1847(2) 
UM wy Sere 

SABA. This island, a Dutch possession northwest of St. Christopher 
contains an extinct crater, with sulphur impresnations of the solfatara 
type. Attempts have been made to mine the sulphur, but the low grade of 
sypsums in which it occurs has discouraged the investment of capital. 
™.S.Hiercins: Extract from a report on the properties, Amor. Jour.Sei. (2) 

ay LLVITI. 278. Lees. 
Molengcraftf: Geolory & al teen Zeitsen. f. Bryst XIV.46.1887-66, 
((185 
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In general it may be said of sulphur deposits that they are apt to 
be irreeular, and that, though very rach in places, quite extended test= 
pits OF drili=nolés are desirabie belore dravine 700 Gouridgent conceiu- 
sions. din this country the principal employment Of SuUlLGhUr is in the 
Sulphuric-acid industry, and especially in connection with the manufact- 
ure of fertilizers and in refining petroleum. We are also using for the 
manufaeture of vitriol an increasing amount of pyrites, as elsewhere set 
forth in this volume. Sulphur is also used as an important ineredient of 
insecticides for vines and vegetables as a medicinal agent, and for vari- 
ous Other purposes. In the aggregate, as will be seen from the statistic., 
we use an enormous quantity, and the market is a tempting one for local 
producers. For an account of sulphur deposits of the world together 
with bibliography and sketch of methods of treatment see 
J.F.Kemp: Mineral Industry wale 4 

L186 








A. 


Abrasives 


Abrasive Powders 


(soft) 


Acadian Field 
Alaska Sulphur 
Albutite New Brunswick 


Alum 


Apatite 

Apatite hiterature of 
Apatite of New York 
Appaiachian Field Coal 
Appalachian Area Coal 
Asbestos 

Asphalt 

Asphalt of Trinadad 
Asphaltic Coals 
Asphalt West Virginia 
Asphalt Utah 

Asphalt California 
Assiniboia Coal 


5 


bari te 


Beryl 


Bituminous Shales 


Borax 


BYiek Clays 


Bromi 


ne 


Buhrstones 


C 


California Sulphur 
Carcvorundum 

Cements 

Cements of Illinois 
Cements of Kentucky 
Cements Natural Rock 
Cemerts of New York 
Cements of Pennsylvania 
Cements of Wisconsin 
Ceylon Plumbago 
Chester,tMass. Emery 


Chest 


er,Pa. Corundum 


Clays and Slates 


Coal 
Coal 
Coal. 
Coal 
Coal 
Coal 
Coal 
Coal 
Coal 
Coal 
Coal 
Coal 
Coal 
Coal 


Acadian Field 
Analyses of 

of Arkansas 

cof Bozeman Field 
Of British Columbia 
Of Calirornia 
Cannsl 
Carboniferous 
Cinnabar Field 
Classification or 
of CoLerade 
Composition of 
Concluding Remarks 
Field Rules 


INDE X. 


— ee 


170 
170 

7? 
183 
105 
156 
160 
160 
162 

93 

og 
176 
102 
104 
104 
105 
106 
103 

Od 


L69 
180 

82 
154 
124 
50 
174 


183 


— eee 


S. (eorwtd) 
Coal of Georgia 
Coal of the Great Basin 
COE of Tihilingis 
Coal of Indiana 
Coal of Indian Territory 
Coal of Lowa 
Coal of Kansas 
Coal of Kentucky ‘Yestern 


‘Coal of Kentucky Eastern 


Coal Literature of 
Coal of Maryland 

Coal of Massachusetts 
Coal of Mexico 

Coal of Michigan 

Coal 6f Missouri 

Coal of Montana 

Coal of New Brunswick 
Coal of New hiexico 
Coal of North Carolina 
Coal of North Dakota 
Coal of Nova Scotia 
Coal of Onis 

Coal of Oregon 

Coal of Pennsylvania 
Coal Producing Countries 
Coal of Rhode Island 
Coal Sampling 


Coal Seams Geologic & topo- 


graphic relations o 
Coal of South Dakota 
Coal of Tennessee 
Coal of Texas Carbonifer 
Coal of Texas Lignite 
Coal Triassic 
Coal of Utah 
Coal Varieties 
Coal of Vareinia 
Coal of Washington 
Coal Weathering of 
Coal Of West Virginia 
Coal of Wyoming 
Corundum 
Corundum Literature of 
Cryolite 


uy, 
Diamonds 

iH. 
Hmerald 
Emery 

FF, 
Fertilizers 
Fire Clay 
Fluorite 


Fossil Gums and Resins 


f LS 


ous 51 


LT 
172-175 
155 


180 


180 
Stk 


158 
126 
LYS 
107 





SSeS 
a re ae ; Se Sasi p > 
a oe - ae eS 


ga ee ene er Si- a bee ot ee 


: Hees 6a Ng La oe eae sree dcijang test ; 
FLe Dep de : a hey ae Oe ee Te eee ype see! taste 
Fh eee te geo eg een ea er e IT SS aS ea eS 





ry 


— —— —- —_— —s 


G. Eb. (eontd) 
warnet as an abrasive L7¢ Lithorraphic Limestone 177-175 
Gems i7? Louisiana Sulphur 183 
Glass Sands Lee Ets 
Gouverneur N. YY. Tale 181 Maltha 102 
Granites Arkansas Laer Marble Arkansas Errata for 1A 
wranite Connecticut AME: lMarble California 133 
Granite Delaware LLG iflarble Colorado 132 
Granite Georgia LLé Marble Georgia 151 
Granite Maine 1l1l4 ifarble ilaryland 1351 
Granite lassachusetts Lis Marble seca shusee’ 130 
Granite Minnesota LLG iiarble ilex1Co 1355 
Granite Missouri zie ifarble w York 130 
Granite New Brunswick 114 Marble Geanaeiennta 131 
Granite New Hampshire 114 Marple Tennessee 131 
Granite New Jersey ime: Marble Vermont ing? 
Granite New York 116 Marble Virginia 15] 
Granite North Carolina LLG Mexican Onyx 153 
Granite Oe ycotia 114 Mexico Grahamite 106 
Granite Pennsylvania TLG “Nexico Sulphur 182 
Granites Rhode Island LLB Mica LTS 
Granite Vermont Lid Mica Literature of Tg 
granite. Vireinia LES ifineral Paints 168 
Granite iseonsin Aeh.f Mineral Springs 143 
Graphite 107 0ULlding Sand LT? 
GYapnite for Paint L629 ifuscovite LTS 
Greensands LBS i 
Grindstones LV4-L75 Natural Gas 85 
Guadeloupe-Sulphur 188 Natural Gas General Literature 98 
FU.aNO 166 Natural Gas Geology.of 538 
Gypsum 138 Natural Indiana LO1 
Gypsum Type Sulphur Deposits1&8&2 Natural Gas Nev York 99 
Se 3 i Natural Gas Ohio 100 
Hiddenite 180 Natural Gas Ontario 107%. 
Tgnsous Rock Lie Ne bite al Gas Pennsylvania 100 
Inorganic Hypotneses-Oil 89 Natural Gas Various Districts 101 
Kentucky Tar Springs ids New Mexico Coal 45-29 
iF Nevada Sulphur 184 
Lignites or Brown Coals a7 | 0; 
Lignites Literature on 18 Ochre 168 
Limes Analyses of 154 Ochsenius on Oil Hrrata on 90 
himestones Arizona 155 Ochsenius on Sulphur ” for 182 
Limestones Arkansas Errata 1352 Ohio Introductory remarks 56 
Lime and Cements 134 Opal 180 
imestones Florida Let Organic Theories-Oil 89 
Limestones Illinois 152 Ozocerite 106 
Limestones Indiana LOE FP 
Limestones lowa Laz Peat LO 
Limestones Kansas 1LS2 Peat Ashes 16 
Limestones Minnesota Loe Peat bogs 15 
Limestones iflissouri LéZ Peat Chemical Composition of LZ 
himestones Nebraska L352 Peat Literature on L6 
Limestenas . Ghio pane | Peskskill N. Y. Emery LE 
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f PP i (con'd) cat od bin Se (con'd) 
Petroleum Fields 93 salt Pennsylvania 148 
Petroleum California 97 salt Production 1893 146 
Petroleum Colorado 97 Salt Texas 149 
Petroleum Ennis Killen Field 96 salt Utah 149 
Petroleum General Literature 91 salt Virginia 148 
Petroleum Geology of 88 Salt West Virginia 148 
Petroleum Illinois 98 Sandstones California 12k 
Petroleum Indiana 95-96 Sandstones Colorado Led. 
Petroleum Kansas 98 Sandstones New Brunswick ea 
Petroleum Errata 98 Sandstones Indiana 121 
Petroleum Kentucky 98 Sandstones Michigan de 
Petroleum Lima Field 95 Sandstones Minnesota hel 
Petroleum New York 93 Sandstones New York 120 
Petroleum Ohio East 94 Sandstones Ohio 120 
Petroleum Ohio North West 95 sandstones Pennsylvania 120 
Petroleum Ontario 96 Sandstones South Dakota L221 
Petroleum percentage 86 Sandstones Wisconsin 12% 
Petroleum Pennsylvania 93 Sapphire 180 
Petroleum Peru 98 Sedimentary Rocks 118 
Petroleum Series 85 Serpentine 136 
Petroleum Tennessee 98 Shales Literature on 82 
Petroleum Texas 96 Slate 127-169 
Petroleum West Virginia 95 Slate Georgia 129 
Petroleum Wyoming 96 Slate Michigan 129 
Phiogopite . bigs: Slate New England & New York 128 
Phosphates | 159 Slate Pennsylvania 128 
Phosphates Alabama 165 Slate Virginia 129 
Phosphates Amorphous 162 Soapstone 180 
Phosphates Florida 164 sodium Carbonate LS. : 
Phosphates Tennessee 165 Sodium Carbonate in California i152 
Phosphatic Slags L67 Sodium Carbonate in Oregon 152 
Plagicclase Rocks 118 Sodium Carbonate in Venezuela 152 
Plant Tissue Chemical Com- Sodium Nitrate 153 
‘ position of 4, Sodium Sulphate 153 
Portland Cemént Lo? Soils L536 
Precious Stones 179 Solfatara Type Sulphur Deposits181l 
Pumice ' i hy Stratigraphy Coals & Lignites 83 

Hy Structural Materials 108 
Guar tz ED i 137 Structural Materials Literaturelll 
Quartz as abrasive 174 Sulphur 181 
ok: 
Red Hematite 168 Tale 180 
Oo Texas Sulphur 184 
Saba Sulphur 185 Tourmaline as Gems 180 
ot.Lawrenee Co. N. Y. Tale 181 Tripoli LT 
salt 144 Turquoise 180 
Salt Brines 146 Us 
Salt California 149 Utah Sulphur L184 
Sait TLilingis 148 Vo 
ealt Kansas 148 Veretable Tissue Accumulation E 
salt Literature on 145 Vitrified Brick 125 
salt Louisiana 14 eF 
Salt Michigan 147 Water and .ulines 140 
salt Ner York 146 Water and SalLines Literature 142 
Salt Onis 148 Whetstones 175 
Salt Ontario 147 | Wyoming Sulphur 186 
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Abbreviations. 


A.A.A.S.--Proceedings of the American Association for the Advancsment 

of Science. | | 

A.G. or Amer .Geol.--American Geologist, Minneapolis, Llinn. 

A.g.S. or Amer.Jour.Sci.--American Journal of Scisnce-also known as 
Silliman's Journal. Fifty half-yearly vol- 
umes make a series- Tne Journal is now 
(1895) in the last year of the third series 
In the references, the series is first giv- 
en in small type, then the volume in capitals 
then the page in numerals. 

Am.Phil.Soc.--American Philosophical Society, Philadelphia. 

Ann. des ifines.--Annales des fines, Paris, Francs. 

Ann.Rep.--Annual Report. 

Bost .©oc.N.H.--Preceedings Boston So0éciety of Natural History. 

B. und H.2.--Berg-und Huettenmaennische Zeitung, Liepzig, Germany. 

Cee. .--Canadian Goological Survey. 

B.o ii.dJ.--Engineering and Mining Journal. 

G.S.A.--Bulletin Geological Society of America. 

J.G.--Journal of Geology. 


ll.b.~--ftransactions American Institute of Mining Engineers. 
I{.R.=--iiineral Resources of the United States, Annual of the United 
states Geological Survey. 


llin.ind.--The iiineral Industry, Annual of the 
eournal. The Hleventh Census also 
Mineral Industries. 

Neues Jahrbod.--Neues dahrbuch fur Mineralogie. Geologie und Paleontol- 

opie, often called Leonhard's Jahrbuch,Stuttgart,Germany. 


Engineering and Mining 
S 


& ome 
issued a volume on the 


Q.d.G.5.--Quarterly Journal of tne Geological Society of London. 
U.5S.G.5.--United States Geological Survey. The Survey issues Annual 


Reports of the Director; ilonographs; Bulletins, and the 
ifineral Resources. 
Zeit.d.d.¢.Ges.--Zeitschrift der deutschen seologischen Gesellschaft, 
aerlin, Germany. 
Z£e6it.f.prak.Gecl.--Zéeitschrift fur praktische Geologie.Berlin,Germany. 
Zeit.Yryst.or Xtal.--Zeitschrift fur Krystallographis. Léipsig,@ermany. 


---rhe other abbreviations arse self explanatory--- 
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The errata are noted as follows--first number means page; second 
number, inches and decimals of an inch of mistake below top of top 
line. 0 attempt is made to note ordinary and self evident typo- 
sraphical errors, of which there are numbers. 
by (oOy AEPTEY Have, insert. Lone Os &.0 5 PASE. NOL Dass. 
oOo, €.8, SWamps, NOt saivs S, 8.8,. OFPLZINaL., Boe Oita. Sa Sees 
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S&S, Bal; Ganda. Jy See, GOOlOSIC. I¢ Os» VERSE. Gy Ono. OF TOG. 
1s. Zoek. YSner, tls Zee, Kamera. 12, last line, last three numbers 
shoulé read 4.839; 54.14; 0.60. 155 last word of page, eran. 165 I. 
tr, not Bo, LY 5 i, delide a. (5, Eastern States snould pe eende 
Literature i?, 1.5, L066 uge Lead. os 4. fy Fea Givaeds EP onto. 
19, 3.9, Pads May 6G in Ghe Same Sl tTUAatLoOn. Lo, 6,35 OcGasion. 

Oi, (ale BOSE, wey Vals GEOSTHOLINGS , noe Ove>e Bwenkonts . 

2n4 O.e5 GLAaUBEOnTE. hoy Valine ay BOL Baa aig Oty Gelade Close: 
OC, Onteg Pe Ee , 29, Oabe SPAM. DOG tran: 29,4 4234 /Gye.A: Ben. trot 
Bali. i Va oe , LOSS ete. DeLOnss Of tHe LEAS Shbeve anu 2S the réetecrence 
of Dawson's paper. EO», S.A, BGOHimitelsy, uk 4, Mi wei tas. Oe ses 
After Piola. insert Coke obs Ceey POad Bailey Wik bie Oty, (x hes ¥ Odin 
a lL ohh a, SPOOL ELE. ie Oe Clamarron AY, YF .9 Manross. BO 5 
a a OS ioe 51, 0.35, Before Texas, insert THE YESTHRN CHNTRAL AREA 
Boy Oe cook bee Kansas insert "The Stratigraphy of the Kansas Coal Meas- 
ures. Kan.UnlV.Cuarterlty.iil,l7ivylsge, A TuUlh Peport 418. angus to be 
issued by the Kan.Geol.Surv (June 1895) 55, 6.95 O.A. Waite, 55, 
7.4, Field should be Area. 57, DszGOiide WALeh are noted below. 

58, vd, Hield Should be Arca. 62.5, O.5, SSQEatCh¢. 654 Dey SCGGAT= 
chie. O25. Deos, COLEOM, Gi< Guiry Ge O25, boss. Yoroati-s 65 gy 4s 
Killebrew. 65, O.25 Biter GCoOkS, insert Flap Von. 74, 6.7, Mammoth 
not Monmouth. 78a, the duplication was not intentional 12% Bye 
Area not Field. CL tvls Gammel ton Sls Sey. PRECOU. Des hete BES 
Ack Les. Ge, 4.6, GArbDOnacecus Not carboniterous 4, Lay Area nor 
Fields O45 «Oy VE spertine. S54 (45 GHAPIOR V. Bow iV S65 415 
Ce Hemeds HOU CLhge & OTs thenhs Chae, OU 2 So, 6.65 first 
WOrh, Of DOG OF. 58 GO 92, Reference should be made to the Vilews of 
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res ie 
origin of petroleum, and sulphur eas py che rex 
actions taking place in the mother liquors of isolated and avaporatmse 
SStTUaraées OF orines, between the salines and any organic matter, es- 
pecially of animal origin that might be present. See p.144 & 145, and 
reference there given. Also Zeit.f.pral Jjiay, 690.497 and Geol. of 
Mishikats Ve Dara Libs, Deel 
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G1, 6.4, Hanns Hoefer. 91, 7.5, Reichsenstalt. Gig Beg oleae s 
Maberry. 91, 8.5, Mendelejefrtr. So, oO. ly CUUPUe. 954 TTr> Dawrence. 
94, 6,05 Da 9L. 205 256 DD. Vis OF. 6,55  OOn P. OTs 4425 0L0redse.. 
98, 0.5, Marcou. - 99, insert at bottom of pase, Gas has recently been 
discovered at _Yulton, ee a 09s Sue, WEE, NOD Was. O95, Bi, BL5er 
1894 insert, E.Haworth-O0il and Gas in Kansas, A.A.A.S.XLITI.229.1894. 
101, at foot insert, Kansas. R.HaysyTrans.Kan.Acad.S¢1.X%.57.1605. Hist. 
Hf. Haworth, O0¢] and coe in manses ,+.£1A4,.5.X%0Dl11.829.,1634. LOZ, Legmas 
not Lan. 104, 4.8, Manross. 104, 6.5, Bermudez. 105, 4.5,Huasteca 
105, 5.8, delide the second various. 1065, 62k, Bnd 6:55 G6lige “ex- 
pressed and”. LU6, 5.85 uastecs. Piet, 0.8, Adirondacks. LOG,” Tet 
Kenntniss. ey i,%, Seiner Besiers 108,, 8&4, CHAPTER VI.,; not ¥ 
LOo. €., YHew Ls. woe for ered: read cause. LLOs 453, “ang 
4.4, for School of Mines Quarterly read Trans.Inst.Civil Engineers. LOSS 
114, 4., instead of Kings Co. north of St.John, read Charlotte Co. 

114, 4.8, after Halifax Co. add Nova Scotia. L1i4, 6.8, day, not Way. 
Lioy Srky BPACELeoorea, LIS, 6 ay HOtes. Libs: Sel» @if Metre. 
£165 4.5, HOLLEGE. Li7, 1.75 Chamberlin. LAY 4 4. , Gelide last sen- 


tence. 118, 2.35 CRaPLOttS, not Rings. LLS « 8. 5S, @elide Laver. 
i255 Oo.ly presence, not presenzs. I4Ds Balls after recommended inser 
one still more complete will appear in Mineral Resources for 1894. 
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L275 6.35 FOr second “Tren reaa "or, IZ7s 6.6, Tor formed read "is 
made up". Loo, 6.0, Marri ls 

132, 8.1, By an oversight the notes on Arkansas Marble were omit- 
ted. The state has sreat resources as yet only slightly opened up. They 
promise to be of importance in the future. The report cited below, by 
Mr. T.C.HopKkins is the pest work on the wtilization of tamestone and 
marble, available for American readers, and is not limited to Arkansas. 
T.C.Hopkins. Marbles and Other Limestones.Ann.Rep.Geol.Surv.of Ark. 
L690, VOL. iV. Ree, 

165, 4.75 @nd 5115 PedPars. 133, 5.4, insert, Aguilera and Bar- 
cena, Smithsonian Rep. 1386. od Il, 482. i!.Barcena Rocks known as 
Mexico Onyx. Phida.Acad Sci.Ave.29, 1876, 

135, add at foot of page, "3 Phew. Crystalline Limestones, Ophi- 
GCadleités, 6te. of the Bastern Adirondacks, ¢@.5.A. Vi. 241. 1895. 


1b4, Usd, OUPRDOLE te. LOG,y O«wg AULERILING , LOG, 5.04 Pracedss d's] 
Sais des Materiaux. L566, 6.45 Waterline. Lars O404 BOPFELSs mot 
PONS . Love 7 -bey PEBOPOURLY . 

140, Ovdy SHAPTER Vil« Rov VE. oe he delide p.2a2. pet! a ae 
delide Alxedgeo. LOly O.g BREA ©.85 eve HOt ALVGPS. 1ei¢ 8495 in 


sert ¥.J.ifc Gee, A miniature extinct oe no. Avé, BLS, Bill 222. 
lbasy Ss6e -6s5 QNG.6.2, Bert, not Alper. 

1565 %.b, CHAPTER Vill, met Vil. LoSs5 7.4 VeEREtaEDLS. Lobes. 15 
lapoli. LO64 Tus referred. ‘56, 7.45 After Jersey, insert “and 
elsewhere in the coas tal Plain™. 158, Last. Line 2. Cceon. Lois fu ®< 
Torrance. Hy O.e25 INSeOFt V. de L. Benédiet, Minime, Vashine and 
Calcining Land ie in Bate i, Journal Mar.26th,1e82. Hee. 

165, 4.b, A.R. Ledoux, L67¢ 6.6 and 7. ste e.2a Ot Ga, 

L7Os 2265 GRAPTER §X. not VIII. the title should read, :liseelane-= 
ous Minerals, viz. Abrasives; Asbestos; Fluorite; Glass Sands: Litho- 
graphic amet onde: Mica; Moulding Sands; Precious Stones; Soapstone 
and Tales Sulpnwr., 


=a 
ct “ 


L725 (Dg, BeTInoOLI Te, Lf2> O.05 4.65 GAG £.6, Gent lay CxO 
The referencé Should read. Zeit. Atal. K. 647, ive, 4i6m Genth, 
L765 6.605 GeuUtcecnes: . L7G4° 6.5 lead. L7Sy Saby ALieered . Loy Sulks 
earths. 179, 3.1, indespensable. Lo, Ds 6, GBs BOT 27. LTSe Tes 
Bouve. L792. OrOg giterce: L804 5.65 Coats. L860, 6,4, Occasiconed. 
lSl, Si:25 GRAFaee te. L6ls 8.35 GManate . 182, 5.55 A paraerapkh cusnt 


to have been inserted referring to the views of Ochsenius, regarding 
the formation of sulphur from the mother liquors of salt deposits 
formed by the "bar" or estuary process. (see p.145). He considers the 
alkaline sulphates left in the mother liquors to have been reduced by 
decaying organic matter and thus to have yielded sulphur in the origin- 
al process of sedimentation, C.Ochsenius, Zeit.f.prak. Geol. June 1896, 
CoE 

L162, G.lg Caled ferous. Loog Os, OOCUFIEE. L655 3.05 CLOaear: 
LG4, B.6% be hontan. ReG yds a delide "as elsewhere set forth in this 
volume”. 186, 2.3, add a ehose , “from which the above notes ape 
taken”. 
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